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CMoyvtuiphaict 9t divalMi iMit •t th« trantitisn 
M U l S t chr«iit«» ManvaiitMi e«bait» ni«li«l. and e«pp«rf 
h«v« tynihttistd liy t m y i n g out th« tolvQlytle r«tetlMit 
of th« cerr«ti»endiii9 ••tai Matatat with chlar^tuiphyric acid 
acting both at tha ehXaraaulphanating agant and tha aaditM far 
ahlaraauiphanatiaii* Thaaa aatai aalta hava baan eharaetariiad 
en tha baaia ef tha ala^antal analyaaat eonduetoMatric and 
m»gn9tic auacaptibility aaaaiiraaianta and U t , and iigand fiald 
apaetsoaeopic studiaa* Tha raauXta of tha alaaantal anaXytaa 
af thaaa ehXoroaulphataa auggaat thair eo«peaitien to ba 
mCso^CX}^  [M • Cr, Mn, Fa* Co* Ni, Cu], Tha i «r« apactra of 
thaaa aanpaundt raeordad aa RMJOX miXXa axhibit waXX vaaoXvad 
banda whiah hava baan aaaignad eanaidaring a C ^ aywiatxy of 
tha fraa ahXaroayXphata ian* Tha eharactariatic aya« SO3 atr. 
vibration haa baan foynd to ba conaidarabiy poaitivaXy 
ahiftad iwm ita poaitian rapartad for tha fraa anian and tha 
daubXy dafanarata vibratiana ^^(e) , O^Cey and 0^(1} ara 
apXit inditating tha axiatanaa af aonaidarabXa aatian-»anian 
intaractian Xaading to tha aavaXant banding in tha naXaavXa* 
Xt haa aXaa baan indiaatad that tha anian ia bandad in tridan-
tata Mnnar aiiah that i t acfiiiraa a radiiaad C^ ayMiatry in 
thaaa aataX aliXa««aiiXpliat«a« Tha ay—a try Xawaring af tha 
t i l l 
thitMtHipMit arittt 4m9 U l i t fiMi»i<i«nUff«l Mtf* 
•••rtfliiaUMi th* a « U i iMit imiik* that for 
dttiij^XXB « « t « l blt (eti lmtuiph«i«» ) wh«ir« a l l th« tiWM batU 
•inrfafi ataaa af tha chlaraauiphata oraup tiava Man ahawn ta M 
aa«Niiiiata4 ta tha natal tana in an a^ivalant nannar ratainino 
tha Cg^ ayaaatry af tha anian« Tha axiatanca af eavalant band* 
ing haa baan furthar aubatantiaiad by tha alaetrical canductl^ 
vity aaaaaraMant atudiaa* Tha abaawad aagnitudaa af tha lioXai-
ean«iuctivltiaa of Ian aoiytiana af thaaa aaita in «athyl 
eyanida auggaat a law ianiiatian and fasnatian af ian-*f»aira in 
tha aalutian. Tha ian^pair faniatlan sight ba diia to the 
dipalar na^ra of tha ehlaraaulphata ian* Canaaquantly 
(MCMaClD^CsOjCl)^] say ba an iapartant apaeiaa in thaaa tolu-> 
tiana* Tha abaarvad nagnitudaa of tha aagnatic «aaanta ara 
raaaanably eanaiatant with an aetahadral gaaaatry af thaaa satal 
bia(ahlavaaulphataa)« Tha ligand fiald apaatraatapie atudiaa 
alaa aanfini tha prepaaad aatahadral gaaaatry axcaptihg for tha 
N l ( l l ) aalt whara a tatragonaX diatartian in tha gaanatry haa 
baan indiaatad* Thia abaarvatian ia hmmw^ tMitrary ta that 
rapartad by Bdwarda and wmmtkm* wha hava prbpaaad a ragtiXar 
aatahadraX atmatura far WKSO^l ) , . Tha ligand fiald para-
•atara 10 • and 0 hava aXaa baan avaXuatad far ainCsOjCi)^ 
iiaiiif tha apprapriata tranaitiana an Tanab«»Sttgana diagran* Tha 
•baawad 9 val«a af 0*t0 aanfima tha tandanay af auffiaiant 
aptalant banding In tbla nalaanla* 
t i i i t 
Tli« iMvdliiiaUMi t«ap«ttiidt •f th« 
•vlphaUt)* uOOjCl ) , (M - Cr» Mi* Ni* Gu) with th« 
ilf«ii4t having ttronf^ lictic d m r tltes pyritfint* 
Pfrldina ••ihyl cyMii«l«» 2t2**bipyridlfit and acridina 
hava alto baan aynthaaiiad* Tha ratulta af tha alaaantal 
analytaa carratpond ta tha aa«patitiaii ML4(S03Cl)2far pyridinat 
pyrldina N-aMida and aathyl ayanida CQ«pXaxaa wharaat for tha 
2»2*«>bipyridlna and aarldlna ca«pXaxaa tha atoiehlamatry 
MLjCso^Cl)^* Tha i*r. apaetra of thaaa aaardlnation eaapaunda 
contain hands aatlgnabla to thata arlaln^ fre« aharaatarlatlc 
ehlaraattlphata group vltoratlona aa wall aa tha coordinatad 
llgand nolaculat. Tha poaitlva shift in S)|^ <A) vibration and 
tha tplltting of i)4(E)» and vibrations of tha 
chlarosiilphata group slaiilar to thoaa abaarvad far »atal bia 
(ehloroaulphatas) strongly auggaat that in tha aaaplaxas too« 
thoro is a eansidarabla eation*anion intaraetian i*a«t tha 
anian is aiiffieiantly attaahad ta tha aamplaa aaUana fML ]^^ "^  
•r Cm^}^'^ laading to tho lawaring af Gj^ aywiatry af tha 
alila«aaiilphata graup ta a radiiaad C^ aymatry* Xn tha pyridina 
N«asida aa^^laxaa tha ftraqwaiiey ia iiafativaly ahiftad 
indiaating tha aaardinatiaii thraugh aKyfaii atoa* Tha aatal* 
llfand atvaUhing vibration haa baan abaarvad in tha 
3d0»ff0 aa*^ rafian» tha abaarvad ahawa tha anUaipatad 
traiida* in afraaMit with tha 
XirviiHHViiiiaaa ardar* Xn aathyi ayanida aa^^laxaa tha abaarvad 
t i v t 
^••iUv* shift in th« ni tr i l* frcfutnty ( A ^ c a N) «aii M 
« m « U t « 4 to th« kwidina iHi l i ty of th« « « t « l iMia for this 
iigoiid Mid tho aothyi tyonido ooordinatod motol iont con bo 
•ffvoRVod in on olootronotfotivity ooriot hoving tho ooquonoo 
Cy(U)>Mn(IX)>Fo(II)>Co(XI}>Ni(ZI)>Cu(XX)« Xt io notoworthy 
thot tho gooMotry of tho eoiipXoxot of thoto aotoX bit(chXoro« 
oiilphotoo) is idontieai with tho corrosponding notoX ehXoro* 
ouiphotoo OS is ovidoncod txm tho roouXts of tho Roonotie 
suscoptibiXity ond Xigond fioXd spootrosoopic studios. Thoso 
obsonrotions provido sapXo ovidoneo thot in tho cos^Xoxos toof 
tho onion is covsXontXy bondod to tho conpXox ootions as 
unidontsto Xigsnd oxeopting tho seridino eoiBpXoxos whoro i t is 
ooordinotod in tho bidontoto aonnor oointoining tho hoxocoordi-
nation ajround tho notaX ions* 
Tho bohavioitr of a fow orflonotoXXuriiosCXV) dorivativos 
has boon studiod in ehlorosyXphuric asid with a viow to oxaain-
inf tho aodo ond oxtont of thoir ionitotion ond tho poosibXo 
foxMtion ond otobiXiiation of novol typoo of ootionit spooios 
fonod in tho ooXiitioii* Gondiiotoaotvit atooiuroaonto on soXu* 
Uono of •»(CH3)2Tol2* Mid In mO^Gl 
indiooto thot both of tho toXliuriiMMioXofOR bondo oro oloavod 
toivitiiig in tho foniotion of tho ooivoiyood opotioo 
h^UiSOJil)^ tit - CNj* CgH^t C^H^] whioh fUrthor ioftito givinf 
• diootionio ipooioo [R^To} '^*' yoMoininf to otobio onUty in 
• V I 
tht mlMiUm. m k«ti« i«aig«U«ii •m»%mt K^ t f th* mIvv* 
IrMtf i|l#Ci«9 ll«ir« htmi i t il«« /•IIII4 
tliat t M ••ffil«i4l« •f I t fiifhit f«r •»tfl«tt!yl ttilnriua 
tfl^Midt aM 4tphiiiyl MImvIm tfitliUrld* at ttaparad to 
tliat 9f mrn^ UmUHYl U X l m i m wHith mty rMtenably b% 
U • tM^wrativaly hi9h ttarit •traiii in th« foratr cattt 
canaiaiaiit with tliair bulky aitaa* Haway«r» in th« cast of 
phanyi tailwriiMi triahiaviilt tmiika M t abaawad for dlar9aiia 
taiintitai tfiliaii4aa aiiiy ana taliariiHHtiaiafaii Imid ia elaavad 
praduaing a aanapaaitiva aatianic apaaiaa in tha 
aaiutian* Tlia fomatian af a aanapaaitiva aatiania apaeiaa haa 
baan fiurthar yarifiad by aasvyliig fwt aandyataaatrie atudiaa en 
a faw atibatitiitad phanyi talluriiai triahlavidaa naaialy p*hydrainr» 
p-aathaxy and p^athaiiy phanyl taiiuYim triahlarida in chlaxa* 
auXplmyia aaid* 
••idteatliyi and •^diatliyi taliuriwi diahiaraaiiiphataa 
il^TaCso^i)^ tn m Ol^t Hava baaii pvaparad by uUi i i ing 
•atathatiaai taaatian an tha aanaapaiidliit •tfaiia taiinviiaa d i -
iodidaa with alOmaiilplMttria aaid* Tha raanita af • I m m U l 
aiiaiyaaa ava aanaiatant with tha ptapaaad ataiahlaaatry* Tha 
Miar aandvatanaa valitaa af thaaa aii^niiiia in aathyi ayanida 
ava iaw amrai^ inditatiiif tha aayaiaiit iliikafa ^ thiava* 
awiphata g^top* Tha i*t« apaitvai fiiidl»9« f^vthav ai^ipatt tha 
tawdaatanaa findinga aa ^ r a asiata an intvaaatd tatlaii^anlap 
t v i t 
intafMUtfi •vitf«iit trm th« p^tlilMit th* fniida* 
••ntaJl M4«t th« chi^rttnlphti* group* T M 
tpteira of tht stthyl eyanid* solutiens of both tito eonpotmdt 
•iliibit bMidt characttritUe of axeitatioiit from a iiaii»boii<iifi9 
to ^ •nti-bondlfiQ tl^io italaeuiar orbital 
[ii(bpx) • c-^ (4a|» Sb^)] aiailar to that roportod for tho 
eorroapoiidlng dialkyl taXlttrlim di«»lodidoa« Tho aothyl and 
othyl protona roaonaneoa obaorvod in PIBI apootra of thaaa 
eoapoynda rooordod in dautoratod OMSO ara oonaidotably 
doahioidod frea that obaorvod for tho eorroaponding di*halidoa« 
Thia indicatoa that tho oiootron donaity of tho non»bondod 
oXoetrona aitwatod at toiluriua ia aufficiontly docroaaod duo 
to ita drainago towarda tho ehloroaulphato group* 
I t haa boon found that a aoiution of tranaition notal 
bia(€hloroauiphatoa) m(S03CI)2 (m « Co, Ni, Cu, Zn] whon 
roaotod with atoiohioaiotric aAOunta of ti»di«othyi Ullvrim d i -
iodidot aolid coapovnda aro aoparatod out of tho aoiution aftar . 
••fiiotio ati ir inf on^ koopiiig tho aoiution for « f«w daya* Tho 
aoiidt bavo boon oharattoriiod on tho baaia of oiOMontal 
•Raiyaoat i « r« apootvoaaopio and wliarovor poaaiblo Mognotic 
auaeaptibility and ligaiid fiold apootroaoopio aMtoa. Thoro 
ia anpio ov&diftto that tho UlluriMa^balogon bond In •<*diMotliyi 
toiluriwi di»iodido ia tiaavod during tho proooM of oaapioxo* 
U m giving tho canpoaition of tho toapios aa((ai3)j|To32il(SO^i)2 
t v U I 
l i lt(dl«««hyi t*lliiri(i«) ••tftl(XX) ehimtiilpliaUt m 
•f i .r* ttiiditt iiitffMt tlMii til* 
•Mlphat* fro«ip i t bMid«tf in • bid«iit«t« »ami«r the scgiuitie 
MtctpUbil i ty ••aiiir«i«fitt and tltetranif tptetva art conait* 
tant with an aetahadral 9*o««try af thaaa eei^ aimda* That* 
findings indieata that tha argane taXluriim saiaty aaaupiaa 
tha axial paaitiana and tha i na 
pair aituatad at taliurim a 
I t» • ^ ^ • i t my i iMt i i t t t thanlet 
wmmU fit* Z«f«r S M M t Pii*&» f«r 
l i l« wiht^akatol* l i it«r*«t aM Mlp in tii« t«ai»lt%ioR Hilt 
iwtk* X M pmtlimtlmlf i^ t t t f^ i to hla toringliif a l ^ t 
tiivgiAstioiit* in tli* intcrpimt** 
UoA y^snltt Mi^  hit tyaiiatiittic nmmqhmt tlui 
of this work* 
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Fo, Co, Cu]. 104 
t« Ott«hody«l atructuro for tho coiap* 
loiioot ll(«tr)2(803Cl}2 Cm » Cr, Mn, 
ro, G«t Cu}, 104 
9 , Spot i f i t t«ii^tta»to-<«ontofitration 
twrvot of •»4iaotliyi tolltwiuM di^ * 
iodido and «»di«tliyl toilvriua di* 
iodido in tfilmtHiphifirit atid, 129 
t v i i t 
JtO* S|>«ctfl« coii4i»t«fie«-»eofie«fitr«ti«ii 
€itrv«t dil|>li«iiyl t«lltiriini ili€ltJiii» 
and phtfiyi t«iiuritm tricHlorld* 
In «tiJloretitipliiiric ael^* 132 
llm Sp««lfic conduetarwfcimeffntratief} 
eurvaa ot p««ittfioxy, p^attioxy and 
p-liydroxy phenyl t«IltiYiy» trl6lilo« 
ridat in ehlerosuJLphurie acid. 1.3ft 
12, Strueturt of a^diiiiathyi and «*difthyl 
tal lurlua diehloroaulphatasy 
a^TaCSOgCl)^  CR • CHg, CjH^J, 144 
13. Oetahadral structura for the eosip-
l«xa« bisCdiaiathyl ta l lur ida) M(II} 
chlorosuiphataa [M •• Co^  Hit ^^t iftS 
tv i i i t 
AftSm/CT 
Clii*retulph«t«t of div«i*iit iont of th* transltioii 
M«t«JLf» chTMiitM, «Mi9«fi«t«# irmit e«t»«lt» niek*! and eopp«r» 
hiv« b«Mi tynthotittd by carrying out tho tolvolytic roactions 
of tho eorrospondlfig notol aoototos with chlorotulphtirie oeid 
•ctifig both •« tho ehloreaulphonatlng agtnt and tho nodlin for 
ehloroaulphonfftion. Thoao notal aalts havo boon eharaetoriiod 
on tho baaia of tho olaoiontal analyaoa» conduetonotrlc and 
magnotic auacoptlbillty aoaauraaonta and i*r* and iigand floid 
apootroaeopic ttudl«s» Tho roaulta of tho elomental analysoa 
of thoao ehloroaulphatoa ata^goat thoir eompoaition to bo 
tAisOjil)^ [M » Cr, Mn, Fo, Co» Cu], Tho l*r» apoctra of 
thooo coi^oitnda roeordod aa nujol aulla oxhibit woll roaolvod 
banda whleh havo boon aaaignod conaidorlnga C^^  aymiotry of 
tho froo chlfltroaulphato lon« Tho eharactoriatic SO3 atr. 
vibration haa boon found to bo eonaidorabiy poaitivoly 
ahiftod txm ita poaition roportod for tho froo MioR and tlio 
doMbiy dofonorato vibrationa 04(1)* ^ ^ ( E ) and aro 
aplit indicating tho oxiatonco of eonaidorablo cation-anian 
intoaractioii ioMling to tho covaXont bonding in tho mIocuIo* 
I t haa alao boon indie a tod that tho anion ia bondod in t r i -
dontato aannor auch that i t acquiroo a roducod C^ ayMiotry in 
thoao aotai chloroauiphatoa* Tho aynaotry loworing of Hio 
t ixt 
ehl^rotulphatt vrmtp arit** du* t« l i t non^idMitital mode 9t 
ceordinttlon to th« metal ions unlikt that r«i»ortad far Qravp-
Zli natal bitCeliioraauiphataa) twhai^ a alX tha thr«« bamit axygan 
ata«a of tha ehlaraauXphata group hava baan ahown to ba eoordi* 
natad to tha natal Iona In an aquivalant nannar rataining tha 
C^ aynmatry of tha anion. Tha axistanea of covalant bonding 
hat baan furthar substantiatad by tha a laetr iaa l conductivity 
•aaaurtnant atudlat* Tha obtarvad nagnitudat of tha nalar eon-
due t iv i t i aa of 1 nM solutions of thasa sa l ts in aathyl eyanida 
sugqast s low ionization and formation of ion<»pairs in tha 
solution. Tha ion<**pair formation might ba dua to tha dipolar 
natura of tha chlorosulphata ion* ConsaquantlytM(MaCN)^(S03Cl)2} 
may ba an important spacias in thase solutions. Tha obaarved 
magnitudes of tha magnetic monants art reasonably consistent 
with an octahedral geometry of these metsl bia(chlorosulphataa}. 
Tha ligand f ie ld spectroscopic studies alao confirm the proposed 
octahedral geometry excepting for the Ni(XI} aal t where a tetra-
gonal diatortion in tha geometry ha a been indicated* This obser-
vation i s hfwovart contrary to that reported by idmarda and to* 
workers who have propoaed a regular octahedral atructuro for 
Ni(S03Cl)2. Tlia ligand f ie ld paramatara 10 Oq, B and 9 Have 
alao baan ovaliiatad for MnCao^ CD^ uaing the iqppropriata traiiai^ 
tiona on T«Rmb«-»Siigaiio diagram. The obaanrod fi value of O.tO 
confirma tha tendency of sufficient covalant bonding in this 
••loivio* 
m i 
Th« eo«rdiii«tion cwipouiidit th« ••tal bit(ehior»-
•ulphatet), MOOgCX)^ Cm - Cr» Miit Co, Ni, Cu) with th« 
Xi9«fiii§ having •txeng* basic «toiieir tltat v l t » , pyrldln*, 
pyridlii* li*oxldt, ««thyl cyanlda, 2,2**bipyridlfi« and aexldina 
hava alao baan aynthaalzad* Tha raaulta of tha alaaantal 
analyaaa eorraapond to tha eompotltlon ML^Cso^CD^for pyrldlna, 
pyrldlna H»oxlda and nathyl cyanlda conplaxaa wharaas for tha 
2,2**blpyrldlna and acrldina eooiplaxaa tha atolehlo«atry la 
ML^CSO^CI)^ * Tha l«r« apactra of thaaa coordination compounda 
contain banda aaaignabla to thota ariaing fron charactariatie 
chloroauXphata group vibrations at wall aa the coordlnatad 
llgand molacylaa. The positive ahlft In vibration and 
the aplitting of O^Ce), O ^ i t ) and v)^(E) vibrations of the 
chlorosulphate group similar to those observed for aetal bis 
(chlorosulphataa) atrongly suggaat that In the complexes too* 
there la a conaidarable cation<-anion interaction i»a.» the 
anion la sufficiently attached to the conplax cations [ML ]^^ '*' 
or loading to the lowering of C^y aywietry of tha 
chloroavlphato group to a raducad C^ aynMatry* In tha pyridine 
N^xldo coaplosaa tha O m ^ frequency la nagatlvoly ahiftad 
Indicating tha coordination through oxygon aton. Tha natal* -
llgand (''t^M)} atrotahlng vibration haa baon obaorvad in tha 
360-»3f0 cn*^ region, tha observed ahowa the antlelpatod 
trtnda, in agroanant with tha 
Irvifig^ll l lans order* In aathyl cyanide conplaxaa tha obaorvad 
tMit 
potlUv* shift in th« nitr l l* f]r«qii«ney ( A ^ C • N) <MI ^ 
eerr*X«t«4 to tho benaiito ability tho ttotal ions for ^ i t 
l iymd and th« aothyl eyanid* coaxdinatad MataX ions can ba 
ajrran^ad in an alaetronagativity aariaa having tha aaqyaneo 
Cr(ZI}>Mn(XI)>Fa(il)x;;o(XX)>Ni(ll)>Cu(II). Xt ia notaworthy 
that tha gaosatry of tha oonpXaxaa of thaaa MataX bia(ehXoro-
auXphataa} ia idantieaX with tha corraaponding nataX chXoro-
auXphataa aa ia avidanead froA tha raauXta of tha nagnatie 
auacaptibiXity and Xigand fiaXd tpaetroaeopic atudiaa. Thaaa 
obsarvationa provida aapXa avidanea that in tha conpXaxaa tooy 
tha anion ia covaXantXy bondad to tha conpXax cations aa 
unidantata Xigand axcapting tha acridina coqpXaxas whora i t ia 
coordinatad in tha bidantata manner maintaining tha haxaeoordi-
nation around tha aataX iona* 
Tha bahaviour of a faw organotaXXuriiMs(IV} darivativaa 
has baan atudiad in ehXorosuXphuric acid with a viaw to oxssiin* 
ing tha Modo and axtant of thair ionisation and tha poasibXa 
fofsiation and atabiXization of novaX typaa of oationie apaaiaa 
fonMd in tha aoXutioii. ConduotoMotrio •oaauraMonts on soXti* 
tiona of •-(CH3)2ToX2|» ^ H ^ ^ t ^ ^ h ^ 
indicata that both of tha toXXiirii»--haio«aii boAda aro eXoavod 
roauXting in tho forsation of tho soivoXyaod apoeioa 
RjToiSO^X)] [H • CHjt CjHg* which f^rthar ioniso fivinf 
• ditaUMif apooioo {ti^f*}^* raaiainiiig aa atabXa aiitity in 
txUi 
th« toXuUon* Th« basic lonliatlon constant of ths 
lyssd spsciss h«v« also baan avaluatad and i t has baan fatmd 
that tha na^nituda of i s hi9har far a«diathyl talluriias 
di«iadida and diphanyl ta l iur i in dichlarida as casfiarad ta 
that af «-dlaathyl ta l luritn di*iodida which nay raasenably ba 
dua to a eonparativaly high staric strain in tha foraer caaas 
censistant with thair bulky sizas. Howavar, in tha casa af 
phanyl taXluriiffli triehlorida uniika that absarvad for diorgano 
talluriun dihalidas only ana taiiuriun-halogan bond i s eiaavad 
producing a aonopositiva cationic apacias C^ H T^aCl^  in tha 
solution. Tha formation of a nonopositiva cationic spacias haa 
bean further v#rifiad by carrying out conductoaatric studiaa on 
a few substitutad phanyl talluriun trichloridaa nanaly p«>hydroiiy» 
p-nathoxy and p«athoxy phanyl talluriun triehlorida in chlora* 
sulphuric acid* 
««>dinathyl and o^diathyl talluriun diehlorosulphatas 
RjTaC90301)2 (H » CH3, QJii^] hava baan praparad by ut i l i s ing 
natathatieal raaetion on tha corraapanding argana talluxinn d i -
iadidaa with ehlaraaulphuric acid, Tha raaulta af alanantal 
analysaa ara eanaiatant with tha prapaaad ataichianatry* THa 
aalar canductanca valuaa af thaaa canpannds in nathyl ayanlda 
«ra tm anaugh inditating tha cavaiant liAkaga af tha « h l m * 
aulphata graup* Tha i«r» apactral findings furthar auppart tha 
candHatanaa findinga as thmra axiata an intraaaad catian-aniaii 
t s l U t 
iiit«t«ftioii Wfi^mt txm th# olit«nr«ii potii iwit » f th* fiiiida* 
•Mitai «od«t of th« etilorosulphftt* grotip* Th« ttitra*viol.«t 
•pcetra of tho «»thyX ey«nido tolutlont of both tho coapoundt 
oxhibit bands choroetoriitic of oxeltotlono from • non^bondin^ 
to Ml onii^bonding tlgio Molocular orbltol 
(fi(5p]r) — • o — a b j ) ] f iailar to th«t roportod for tho 
eorrotpondlng dlolkyl tolXurlun di«>iodldot* 7h« nothyl and 
othyl protons rosonancos obsorvod in PMB spoetra of thoso 
compounds roeordod in doutoratod DMSO aro eonsidorably 
daahioldod from that obsorvod for tho eorrosponding di-halidos» 
This indicates that tho oloctron donsity of tho non^bondod 
electrons situated at teliurium is sufficiently decreased due 
to its drainage towards the chlorosulphate group. 
I t has boon found that a solution of transition iietal 
bis(chlorosulphatos) MCsOgCl}^ [M • Co»lli,Cu*Zn] when reacted 
with itoiohioBOtric aMOtmts of «»dinothyl tolltiriiHi di^-iodido* 
solid oeepoundo aro separated out of tho solution after «o«no* 
tic •t&jnrifig and kooping tho solution for a few days* Tho solido 
haivo boon cliorotiorixod on tho basis of olosontol analyaoo* i*r* 
opoftrootopie and whorovor possible magnetic siisooptibility and 
ligand flold opoetroscoplc studies* Thoro is wplo ovidonto 
thot the tellurium^halogen bond in o-dlaothyl tellurium d i -
iodido la cloavod during tho procoso of tosiploxation giving tho 
oompoiition of tho oo^iiiox as t(CH3)2To}2 1(90301)2 i . o . , bio 
t x i v t 
(dinethyl t« l lur ld«) m«t«l(II) chlorotulphat*. Th« r«fu l t» of 
i . r . tpectretcopie tiuditt sugqiett that th« chlorosulphate 
group Is bwndadl in a bldwntats manner and th« na^st lc susesp-
t ib l l i t y Bsasurements and slaetronic spsctra are consistent 
with an octahedral gsooittry of these compounds. These findings 
Indicate that the organo tellurluin moiety occupies the axial 
positions and the coordination Is through the lone pair 
situated at telluriim atMi. 
CHAPTEH » 1 
INTRODUCTION 
Th«f« havt •xt«ntiv« r««eareh«t (Hiring th* 
I t t t ecntury en th« reaction• in aqueous medium providing 
oenaideratole data to ^able us to understand fa i r l y 
aeeurately the types and natur# of species present in the 
solution when a solute i s dissolved in water* The chiniiistry 
of non-aqueous solVMits attracted the attention of chemists 
with the growing realization that reactions which were not 
possible to be carried out in aqueous solution could easily 
be studied in non-aqueous solvents. I t i s now an estab-
lished fact that the influence of the solvent on the course 
of chemical reaction can be profound* By the proper choice 
of the solvent the products from a given set of reactants 
can be completely changed and in some cases even the direc-
tion of the reaction can be reversed* Although aqueous 
sulphuric acid and concMitrated sulphuric acid have been 
used as catalysts and as reaction media for a number of 
reactions, throughout the nineteenth century and have played 
a considerable part in the development of organic chemistry 
in general but the understanding of the nodes of these 
reactions started developing after the pioneering work of 
walden and Hantich. These workers carried out investigations 
on the behaviour of e large number of solutes in sulphuric 
acid ueing the cryoaeopic and conducte«etric methods* The 
important discovery that carbonium ions which are strong 
t 2 t 
Liwit acids can b« foxwad and ttabilixad in auch aadiuH 
alaa halpad tha riaing intaraat in eencantratad aulphuric 
aeid and athar nan^aquaaua atrong acida aa a aolvant and 
raaatian aadiufli* Thaaa intaraating rolaa of nan»aquaaua 
aelvantshava providad a naw dinanaion to aolution ehaniatry 
and during tha laat half cantury or ae a variaty of non-
aquaoua aoivanta* vix.» liquid «Mionia» aulphuric acid, 
diaulphuric acld^ fluoroaulphuric acid* liquid aulphur 
dioxida and liquid hydrogan fluerida ate. hava coma to ba 
usad with graatar advantaga* Racantly tha atrong ionizing 
acidic aolvanta l ika liquid HF, HSO^F and HSO3CI have baan 
found^*^^ to ba a suitable fluorinating» fluoroaulphonating 
and chloroaulphonating agents respectively and a variety of 
novel coflq»ounda of induatrial inportance have been synthe-
aisod through their use. The use of such non-aqueous 
ionising Madia apparently haa not only broadened the acope 
and proapaata of aynthatic inorganic chaaiiatry but has alao 
incraaaad tha ninber and types of theoretical atudiea that 
can ba aada in thaaa aadia« Tha non*aquaoua aolvanta hava 
baan c laaaif iad into thraa major claaaaat v i t . » protict 
aprotic and coordinating aolvanta* Tha atrong ioniiing 
acidic madia a«9«» liquid hydrogen fluoridoi diaulphuric 
acid» aalanic acid and auper acida» vis** sbF^ ^HSOgF, 
SbF^ oN^ SO^  and SbF^»3S0j-HS03F are typical axamplaa of 
t 3 t 
protofilc telvmU* Ll^id tulphur broalnt tri^ 
flti»rid« «fid antlaony pMtafluorid* ar* placed in th« cate-
gory of aprotie solvonta whortea diaethyl foraieAide» atthyl 
cyanidat acatamida» pyxldina and phoaphoryl chlerlda act aa 
coordinating aolvanta involving coordination through tha 
lona pair of alactront at nitrogan» oxygon or aulphur atom. 
Chloroaulphuric acid solvent ayatem which concarns tha pre* 
aant work belongs to the claas of protonic non-aqueoua 
solvent* I t i s one of the atronger ionixing solventa inter-
mediate in atrength between sulphuric acid and fluoroaul* 
phuric acid, Theae strong acidic nedia have been found to 
be very useful for the study of the node of ionization of 
a variety of organic and inorganic solutes* Because of 
leaat basicity of the solvent the cationic apeciea l ike the 
carboniUB iona and aeveral polyatoiaic cationa» which are 
atrong Lewie acida» are capable of axiating aa atable entity* 
Even though the uae of chloroaulphuric acid aa a non-aqueoua 
ioniiing aolvont haa recently been actively inveatigated, i t 
ia far ttm being aa auch exploited aa i ta fluoroanaloguot 
fluoroaulphiiric atid or sulphuric acid i tse lf* A very brief 
review of the reaearchea done in thia aolvent ayatan are 
given in the following few paragrapha« 
Walden^^ for the f i r a t t iae reported chloroaulphuric 
acid to be a good ioniiing aolvont on the baaia of i ta 
I 4 • 
•l»«eifle conduetane* ni««»uvMi«nt« Th« conductoii«trie» 
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transport and dantity naaauranant atydiaa on tha aolu-
tiona of a lka l i matal and alkaline aarth natal chlexldaa 
and on thalr ehlorosulphata« in chloroaulphurlc acid hava 
oonfimad that HSO^ Cl undargoes salf-ionization rapraaantad 
by aquation (1). 
H3O3CI " ' H"^  4- SO3CI- (1) 
12 
Thssa solutes behave as strong electrolytes and are comp-
lete ly ionized according to the following general reaction* 
^ nHSOgCl m"*^  • nlOgCl" + nHCl (2) 
MiSOgCl)^ 32=: (3) 
M « alkali or alkaline earth metals, 
n a 1 for alkali aetala* 
n M 2 for alkaline earth natals« 
The condaetMiatric stydiaa^^ en solutions of acetic 
acid» banioie aeidt p->aaiinebaiitoic acid and p->phanylane di* 
mine in this soivant hava indicated that these solutes be* 
hava aa siapla basts and undergo protonation in the aolutien 
as shewn by the fellewing raactiena t 
t 35 I 
CH3COOH • HSO3C SOjCl- (4) 
C^HjCCX>H • HSO3C • SO3CI" (5) 
HjN-C^H^-COOH • 2HSO3C COOHJ • 2 3 0 3 0 1 * ( 6 ) 
H^ n^ H^^ -'UH^  • 2HSO3C. NHJ • 2S03C1" (7) 
I t was c r i t i ca l l y emphatiztd by Heblnton and 
12 
Clruna^ that tht conductivity of aolutiona of the abova 
mantiontd tolutaa in chlorosulphuric acid waa much graatar 
than would hava baan axpactad from normal diffusion cont-
rolled transport procass. Thay explained this by suggests 
ing that moat of the current in the aolution i s carried by 
chlorosulphate anion (SO3CI'") and/or chloroaulphuric acidium 
ion (H2SO3CI'*'), the ions of stlf^dissociationt which conduct 
by an abnormal proton transfar machanisai aimilar to that 
found for HSO^  and H3S0J ions in aulphuric aeid^^ and 303!^ 
and H2SO3F'*' iona in fluoroaulphuric acid^^. This ariaas from 
a Orotthus type chains of solvent molecule* The phenomenon 
is shown diagrsMatieally for ohloreaulphate iona in the 
figura givan boltiw t 
t 6 I 
CI CI 0, CI 0 
O7H...O e H 
CI 0. CI 0, CI 0 
U D-r!,,,0 0 H-0 0 H-U 
Kj 
Fig.l Grotthus proton trantport mechanism. 
Th* diclactric constant of ehloreaulphurlc acid 
(£ • 60) i t «ueh lewor a« conparad to that of wilphuric acid 
« iOO) and fluorotuXphuric acid - 120}• Tha iow di-
•lactr ic constant of this solvant would oncouraga tha foraa-
tion of ion->pairs in solution aspacially for divalant natal 
ions of snail radii* Tha concantration of tha fraa chloro-
sulphata ions in solution which ara nainly rasponsibla for 
conducting currant i s consaquantly raducad by tha ion-
I 7 • 
pairing iMtfing to • tuff ic i tnt d«cr««t« in th« tpaeific 
12 
conductanc* of tha tolution aimilar to that raportad for 
alkaXina aasth aatal ahlaroaulphataa in chloroaulphurie aeid 
aolution* 
Tha formation and stabilization of tha cationie 
apaciaa '^ laCl^  and TeCi^  aa a stabla antity waa, fox tha 
f i r s t tima, indieatad^^ in ehloroauiphuric aeid aolvant* 
Thaaa cations wara producad in aolution from th«> ionisation 
of thair raspactiva tatrahalidas in ehloroauiphuric aeid 
according to tha following raactions i 
3«C1^ • H'JOgCl S a c i j + SO3CI" • HCl (8) 
T«C1^  4 HSO3CI TaClJ • SOjCl* + HCl (9) 
Tha bahaviour of a larga nunbar of diffarant typaa 
of conpounda acting aa baaas in chioroaulphurie acid hava 
baan atudiad by Zaidi and Siddiqi^^ with a viaw to axaaining 
thair Modaa of ionixation as wall aa tha auitabi l i ty of this 
•olvant in atabi l i i ing tha unusual eationic apaeias in tha 
aoXvtian. 
I t haa baan ahown^ ^ that contrary to tha aar l iar 
raportag tha oxygan or tha sulphur aton i s tha only basic 
a i ta for fu l l fladigad proton attack which haa baan confintad 
t 6 I 
by th* apptarane* of th« conjugat* acid proton aa wtXl aa 
tha unaffaetad NH and NK^  protona peaka in tha PMH apactra 
of aolutiona of uraaa and thioureas. Kowaver, a partial 
protonation at N atom alongwith the complete protonation 
at O or s atom has been indicated in the case of a few 
aubstituted carbazides* carbazonea and their thioanalogues 
suggesting both the sites to be sufficiently basic to 
coordinate with Lewis acids* 
The formation of the hithertofore elusive oxyca-
tionic species of antimony and bismuth SbO* and BiO"*" 
from the ionization of their trioxides as well as oxyhalides 
in chlorosulphuric acid according to the following general 
17 
reactions was reported*' by Zaidi and ^iddiqi, 
MjOg + 3H3O3CI — 2MO3O3CI • HjSO^ -t- HCl 
MO3O3CI — ^ MO'*' • SO3CI" (10) 
MOX • HSO3CI ISOSOgCl • HX 
MOSO3CI ^niMO"^ • SO3CI* <11) 
M « 3b or Bi, 
X - CI, Br or I . 
Tha diaaociatlon eonatanta of the eiiychloroaulphatea,MOS03Cl, 
have alao bean evaluated by these authora* 
I 9 • 
I t hat b»«n i n d i e t h a t in ehlaroaulphuirie 
•eid phosphorous ptntexidt fenss protenatsd phosphoric aeid 
and pho^horyi ehlorida i s incoaplataly protonatad according 
to tha raaction givan by aquation(12) and (13) raspactivaly 
i«a»t 
PgOj • xiHsOgCi — 2H4P0J • '•'^aV^a "2^4 
• 2S03Ci" (12) 
POClj • HSO3CI — POHClJ • (13) 
Tha basic ioniiation constant of tha conjugata aeid 
POHCl^ has also baan avaluatad by Eaidi and Siddiqi. Tha 
spaetroscopic studies eonductad by Haddington and 
10 
coworkers have also indieatad a partial protonation of 
phosphoryl ehlorida in strong acidic solvanta. 
I t has baan shown^ ^ that tha carboxylic acid anhyd-
ridos ionixo in chlorosulphuric acid producing tha carboxylic 
acidiMi ion (RCO^ H^ ) rathar than tha acyliua ion {hCXi*) 
roportod by aar i iar workers in othar atrong acidic ionixing 
solvent i»e*» 
R(00)20 • 4HSO3C1 israRCJOji^ • ^ aso^cr ( i4) 
a • or CHj. 
t 10 t 
The dicarboxylic acid anhydrldas hav« be«n ahown^ ^ to ba-
hava aa waafc baaaa in chleroaulphuric acid yialding tha 
cerraspORdin? intx«aoIecularly hydxo^an bondad protonatad 
anhydridea. 
The behaviour of a few substituted sulphonesi 
sulphoianes» sulphides and disulphides in chlorosulphuric 
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acid have been studied by Paul and coworkers • The solutes 
have been suggested to behave as simple electrolytes and 
undergo protonation in chlorosulphuric acid. The alkyl 
sulphones are stronger bases having the same basicity while 
diphenyl sulphone behaves as a weak base* However, in the 
latter ccmpounds on introduction of an electron withdrawing 
group like nitro group (•NO2) in the benzene ring v iz . , in 
4-nitro and 4,4*-dinitrophenyl sulphones, the basicity i s 
further decreased. It has been shown by these authors that 
the tetramethyl sulphone i s monoprotonated whereas phenyl 
sulphuryl chloride and sulptniryl chloride behave as a n<m* 
electrolyte in HS03C1. The solute diphenyl sulphide i s 
coKpletely aonopretonated and the extent of protonation 
decreases with the introduction of nitro group in each of 
the benzene rings* It haa been further shown by these 
workers that the s i tes for protonation in solute 4,4*->dianlne, 
2,2*-diafliine and 2,2*-dinitro diphenyl sulphides are, however, 
not certain in chleroaulphuric acid* 
I 11 • 
H«e«iiUy i t hat thttwii^ ^*^^ that ehlorotul-
phiirU acid Itaalf i t eapabla of oxidliinQ tha alamantt 5, 
Se end Ta producing pelyatoaic ationic tpaclaa S^ f^ 
Sa^ *** and Ta^ '*' containing tha eXamants in low oxidation 
atata* Sona of thata cationic spaciet hava baan thown to 
hava aufficiant l ifa-t ima to b« axaminad in aolution. Tha 
conductonatric radox-titration in chloroaulphuric acid by 
uaing suitabla oxidizing aganta l ika 
hava alto baan auccaatfully carriad out and i t haa baan 
indieatad that a faw of tha abova mantionad polyatomic 
cationic tpaciat can ba furthar oxidizad to +1 or oxida* 
tion atataa dapanding on concentrationa of tha appropriate 
oxidizing aganta in tha aolution. lodina and aoaia of i ta 
compounds, v i z . , KX, XCl, HXO^ , X20^  ioniza in chXoroaul-
phuric acid producing a atabXa cationic apaciaa I3 in aoXu* 
tion according to tha foilowing raactiont t 
3X2 • 4HSO3CI 2x5 • SOj • 2HCX • 2S03C1~ ^ HgSO^  (15) 
aXg • 4HSO3C1 — 2XJ • sog • 2HCX • asOgCi* • HjSO^  
x ; ^ I j • la (W) 
HXO3 • 2HSO3CI — y XOjSOjCl • HjSO^ • HCl 
4XO23O3CI X3 • USO^Cl)^ • SOjCr • 4O2 (17) 
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I j O j • 2H3O3CI 2HIO3 • S ^ O j C l j 
HIO3 H^SO^ Cl I02S03Ci 4. HgSO^  -f HCl 
4IO2SO3CI ^ ^ i j • 1(30301)3 • SOgCl* • 4O2 
3K1 • 8H3O3CX 15 • aSOg f 3K1 • 28330^ • 4HC1 
• 4S03C1'' 




Th# formation and stabilixatlon of lnt9rhalog»n 
cations IClj and 12*^ 1* In the HSO3CI solutions of ICl^ and 
of Mixture of I2 and XCI3 at the mole ratio I2/ICI3 » 2.0 
have also been indicated^^ and the reaction can be repre-
sented by the following equations 1 
2ICI3 • 4HSO3CI IClJ • 1(^301)3 • SOgCr 
• 4HC1(21) 
121^ • 6ICI3 • 28HSO3CI eijCl"^ • 515 • 450^ 
20HC1 4 31(30301)3 
• 4H2S0^  • llSOjCr (22) 
Zaidi Mid his coworkers^^ have also carried out 
eonductea*trie investigations on solutions of hydraiine 
tulphatot phonyl hydrasine and a few substituted phenyl 
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hydratlii«s In chleretulphurie acid with • vi«w to d«t«mi-
nliiQ th«ir ra lat iv* bat ie i t ie t with regard to tho foraiation 
of a diprotonated I t has been reported that 
phenyl hydratlne and l*naphthyX hydratlne undergo eoaplete 
dlprotonatlon according to the following general reaction i 
K-NH-NHj • 2HSO3CI Z^Z (23) 
K - C^Hj or C^^ Hy. 
while for N,N*«dlnethyl phenyl hydrazine a part ia l dlpro-
tonatlon has been indicated. Hydrazine sulphate and phenyl 
hydrazine hydrochloride have also been suggested to ionize 
in chlorosulohuric acid to yield a dicatlonlc species as 
shown below 1 
NHg-NHj.HjSO^ 4- 2H:^ 3CI — N'^ H3-N'*"H3,H2S0^  • 2SO3CI" (24) 
The extent of protonation In 2«4«»dinltrephenyl hydrazine and 
2»9*dlchl«rophenyl hydrazine i t aubatantially lower as 
compared to that in phenyl hydratlne and only nonoprotona-> 
tion hat been indicated in this eaae. 
It hat been thown^ *^^ ^ that the quinqivalent vana» 
diun conpoundt e.g.* V^O^, V0Ci3 and ilV03 (M • Na, NH^] be-
have at weak electrolytet in ehlorotulphtiric acid giving a 
tiailar tolvolyted tpetiet HCVOCsOjCI)^ ] which behave at a 
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wMk acid of thif tolv«nt tyt tm according to th« follonr-
ing roACiiont i 
V^Oj • l lH^gCl — 2HrV0(30301)4] • SHgSO^  
^ 3HCi 
VOClg 4. 4HSO3CI HfV0(303Cl)J+ 3HC1 
MVO3 + THSOgCl HfVOClOjCD ]^ • aHjSO^ 





Tht evaluation of autoprotolytls constant K^ ^ of chloroaul-
phurie acid has for the f i r s t time b«en r<tported by siddiqi 
and coworkora* Tha maanitufa of of tha solvent i s 
4.S!^,20*10*"^olas®Kf"^ which i s comparatively smaller to 
that r epo r t ed^ ' ' ' f o r I W H^ SO^  and therefore suggest that 
«itel9fii iation of the aolvent i s coiapletely repressed even 
in dilute aoltitiena of the electrolytea* 
The tolvolytic reactions of oxo^anions MnO^  and 
MnO^ * with chloroaulphuric acid at roon temperature has 
been ahown^ ^ to yield a aimilar greeniah-yellow colored 
Highly conducting solution, characteriatic of a Mn(VlI) 
apecioa Mn03« 303^1 which furths»r docompoaea on standing 
resulting a atable colorless aaorphoua solid according to 
following reactions t 
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m^O^ • 3H3O3CI K'*' • MflOg.SOgCl • HgSO^  • HCl 
• SOgCr (29) 
KjMnO^  • 6HSO3CI — 2K'*' • Mfi02(S03Cl)2 + 250301'" 
• 2H250^  + 2HC1 
4Mn(VI) Mn(III) f 3Mn(VII) (30) 
This solid h«s b««n eharactcrizcd as a t«trah«dral hi^h-
spin sp«cl«8 having an uncommon 43 oxidation atat* of 
manganasa i . a . y oxomonochlorosulphata Mn(IXI) fMi^«S03Cl]« 
I t has b««n reportad^^^^^ that tha solvolytic 
raactions of chrmnyl chlorida and of chromium trioxida with 
axcasa chloroaulphuric acid used as a madium as wall aa the 
chloroaulphonating agant yiald a moss^graan morphoua aolid 
at room tamparatura wharaaa a brovm colored crystal l ina 
solid i s formtd if thasa raactions ara carriad out above 
60 C according to the following reaction 1 
CrOjClj • 2H3O3CI — » CrOjCSOgCDg •IHCl 
CrOg • 3HSO3CI Cr02(S03Cl)2 • HjSO^ • HCl 
(31) 
(32) 
Both theae solids have been shown to be chemically the 
taaiet characterized aa Cr02(S03Cl)2 i«e*» [diexebia 
(chleroiulphato) Cr(Vl)] having the structure aa shewn in 
Figure (2). 
t 16 t 






A slnlXar typ« of solid ccmpounoi hat also been obtaini>di 
by the solvolytlc reactions of the oxo-anlons CroJ" and 
OT2OJ with the chlorosulphurlc acid under similar condi-
tions according to the reactions given below 1 
KjCxo^  • ftHsOjCi 21;'*^  • cro^CsOgCDj • asogcr 
• • 2HC1 (33) 
KgCrjO^ • 9HSO3CI — — > + l ^ C r O j C s O j C D j • 3HC1 
• SHjSO^ • aSOgCl* (34) 
The fcnatloii •f • y«liew colored solution of lead 
tetraeetate in thlorotulphurlt acid tlnllar to that formed 
In sulphuric aeld was tuwootod by Qlllosple and coworkers^ 
to bo due to the fonia%ion of tolvolysod totravalent species 
bohavliiQ as a wook atld of tho solvent. Howovor* recently 
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Siddiqi and eoworktrt^^ carried out « tysttnatic Invaati-
gatlent en solutions of a few Pb(II} as well as Pb(IV) 
coapounds e .g . , PbCCHjCOOjj, PbClj, PbCCHgCOn)^ , PbO^  and 
Pb^ O^  in HSO^ Cl and they have confirmed that the yellow 
colored solutions produced by these solutes in chlorosul* 
phuric acid are characteristic of rather a Pb(ll) species 
i . e . t Pb(30^Cl)2 according to the following reactions i 
Pb(CH3C02)2 t- 4H;503C1 — Pb( JOgCl)^  aCHgCOjH^  
PbCl2 •»• 2HK-3CI 
Pb(CH3C02)4 SHiOgCl 
PbOj -f AH^^Cl 
PbgO^  • IOH3O3CI 
• 2550301' 
PbtXJjCl)^ + 2HC1 
PbCSOgCl)^  f 4CH3CO2HJ 




Pb(303Cl)2 4 2H2^4 
3Pb(303Cl)2 • CI2 
• 2HC1 (39) 
The solvolysed species Pb(S03Cl)2 has been isolated in the 
form of • stable colorless solid from the above solutions. 
I t has boon shown from the i . r . spectrum of this solid 
compound that there i s an increased cation-anion inter-
action betwoon the chlorosulphato group and lead atom such 
that a covalont bonding exists between them resulting in a 
roduood C^  symmetry of the chlorosulphate group. 
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Tht litliairlour of • v » i « t y of dlfforont typos of 
Iffior^anie co«f>ounds and or^onoaotollic eonpounds in ehloro« 
•uXphuxie odd hat roconily l>oon atudiad by Siddiqi and 
coworkort^^ with a vlow to invostigating thoir isodos of 
ioniiation at woll at potsiblt fomation and stabilization 
of tone novel eationic tpocies in this toXvont system. The 
solvolytic jreaetions of SiCl^ and SnCl^  with c hi or o sulphuric 
acid has been shown to give th# solvolysed species Si(iK)3Cl)^ 
and HfSnCl^tSOgCl)] respectively according to the following 
reactions t 
^ 4H5O3CI liC.OgCi)^ • 4HC1 (40) 
3nCl^  4 HSO3CI ^ Hf3nCl^(^3Cl)1 (41) 
The conductonetrie titrations on these solutions with a 
strong bato» potassiuai chloridot produce the ultimate 
species HfSiCSOgCl)^] and HCSnCl^ j^ OOgCDj,^ ]^ {4>n>l3 
rospoctivoly which boHave at a weak acid in HSO^ Cl repre* 
tonted by the following roactiont i.o*f 
KCl * S1(S03C1}^ 2H9O3CI s s HtSi(303Cl)^] KCl 
• K* • SOjCl* (42) 
nitci • HtSnCl^ CSOgCl)] • 2nHS03Cl Ht3nCl^p(S03Cl)^^^3 
• 2nHCl • nSOgCl* 
• nK* 
(43) 
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Kow«v«rt th« solutes ZrF ,^ and GcCi^  h«v« b*«fi 
reported to exhibit no interaction whattoovor with the 
solvent and reaalned at non-electrolytes in chloresul-
phurie acid* 
The solute Sn(ll} chloride has been shown to be-
have as a strong electrolyte in chlorosulphuric acid* The 
concentrated solution of this solute has afforded a color-
less solid compound characterized as SnC'IO^Cl}^ * 
The behaviour of a few organotin compounds has 
34 
also been investigated by Siddiqi and coworkers • These 
authors on the basis of conductometric studies on solutions 
of (Ph}^Sn, (rh)3SnCl and (Ph)33nl in chlorosulphuric acid 
have concluded that these compounds undergo solvolytic 
reactions such that a l l the Sn-C and Sn-X bonds are cleaved 
as shewn below t 
(c^H )^4Sn • 12H3O3C1 — snCsOgCi)^ • 
• 4HC1 • 4SO3CI" (44) 
(CeS)3SfiCl • lOHSO^l = SnCSOgCD^ 4 JC^Mj^ SOgf^  
4- 4HC1 4 3SO3CI* ( 4 9 ) 
(C^H )^3Snl • IOHSO3CI — Sn(903Cl)^ • aC^HjSOjHj 
•f HI 4 3HC1 • 33O3CI* ( 4 6 ) 
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Th« t«tr«val*nt tolvelyttd •p»ci«s 311(30301)^  hat b*Mi 
ifidie«t«4 t« hcv« an anphotarle nature centunina tha fraa 
SCjCI* ian fxoB the solution thereby lowering the conducti* 
vlty of Uie solutions l » e . , 
SnCSOgCl)^  + SOjCr SnCSOgCl)* (47) 
However^  the solutes Bu^SnCl, Bu^SnCl^ * Me^ SnCl^  and 
Bu2Sn(CH3C02)2 produce the corresponding tetravalent 
species where the cleavage o n l y of Sn»X bond has been Indl-
34 cated as shown by the following reactions t 
(C^Hg)3SnCl + 2H5O3CI ~ ^3^1)2 HCl 
^4"lO (48) 
(C^H j^jSnCl^  •»• 2H3O3CI — • 2HC1 (49) 
(CH3)2SnCl2 -f 2H3O3CI (CH3)23n( 50301)2 • 2HC1 (50) 
(C^H,)2Sn(CH3C02)jj • 4HSO3CI ~ (C^H^)2Sn(S03Cl)2 
• 20830001^ • 2SO3CI* (51) 
I t haa been indicated that the above Mentioned aolvolyaed 
apeeies R2^n(80301)2 undergo partial ioniiatlon yielding the 
corresponding dieationie apeeiea ^ solution 
R2Sn(S03Cl)2 — • aSOjCl" (52) 
I 2X t 
On tht batlt of th« condueioattrlc tiudi^t on 
•olutlent of PCI3, PCI^  «nd PBr^ » i t has beon 
tuggotttd^ that whlla the pantahalldat art ionlzod giving 
ttabia cationic spaciet PX ,^ tha trihalidas ara oxidixad 
in tha solution forming th«i corresponding oxyhalidas which 
are ultimately part ia l ly protonated in the solution aa 
shown below 1 
PXj 4- HSO3C1 pxj + sOjCi* • HX (53) 
1X3 • 2HSO3CI — POHXg • SOj + HCl • SOgCl" (54) 
The solute PCl^ I also produces the* rci^ cation according 
to the reaction as following s 
2PClgI • 2HSO3CI — 2PClJ • I2 + 2HC1 + asOjCl* 
•»• CI2 (55) 
From eond^ctonetrie redox titrations of the phos-
phorous trihalidas with the appropriate halogan and inter* 
halogen eoaipouiids in «hlorosiilphuric acid* i t has been 
dasionstrated^ that tho titration eurvea axhibit breaks at 
molar ratios PClj/Brj « 1*0 and PBryiCl • 3.0 indicating 
the formation of hotoroeationie spatios PCl^ Br*** and PBr^ Cl'*' 
aa stable entit ies in solution according to the reactions 
given below 1 
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PCI3 * 1^ 2 * PClgftr"*^  • HBr • SO3CI- (56) 
aPBfg • ICl • THSQ3CI — SPBrjCl'^  • HI • 2HCX • 230^ 
+ aHjSo^ • asOgCi* (57) 
How«v«r» the analogous opecifft PCl^ I*^  and 
do not exist as stable entit ies In the solution which has 
been suggested to be due to the large solvation energy 
required for the stabilization of these catlonle fw»ecles 
because of their bulky sires* 
The solutes AsCl^, SbF^  and ibCl^ are reported^ 
to behave as basf>s undergoing partial Ionization resulting 
the catlonlc species MX^  In the solution. The basic lonlza* 
tlon constant(K^)of these solutes have also been evaluated* 
It ls» therefore* quite apparent that the chloro* 
sulphuric acid Is not only a suitable solvent for the study 
of the Modes of lonltatlon of various types of organic and 
inorganic solutos but also a suitable chlorosulphonating 
agont for tho synttiosls of novel aetal chlorosulphates* 
It i t t theroforof appropriate to nontion a few 
iisportant physical properties of chlorosulphuric as tabu-
lated boiow I 
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?mim rmrmm pf 
R«f. 
Boiling point 6a®C at 2.7 mm (36) 
78®C at 21,5 mm (37) 
152®C at 760 mm (36) 
Malting point -0O®C (36) 
Oansity 1*741 gm/c.c« (38) 
Viscosity 0.0243 P at 14®C (39) 
Dielectric Constant 60+10 at 14®C (40) 
Molar iuscaptibi l i ty 46.60 (38) 
Specific Heat 0.282 cal/gm (41) 
Specific Qonductanca (12) 
Haniaatt Acidity Value •13.80 (42) 
Chlorotulphuric acid hat a ralativaly auch lewar 
fraaiin^ p^int aa eoia|>arad to aylptuiric acidt thua anabling 
ena to atudy tho protonation of baaos in thla acid at low 
tanparatura at which th« proton oxchan^e batwoon aolvant 
laoloculaa and eonjugato acid ia niniaiiod* ilowovar« low 
frooiing point of tha acid i iaita tha cryoacopic atudiaa on 
tho aolutiona* 
9HAPTEH > II 
EXPERIMENTAL METHODS 
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S«v«r«l pliytiee*ehflaiic«l mtihodt have b««n used 
for ttruciural eiucldiitlon of ehemleal compounds. Tho 
tfchnlquos nost commoiily available and used for the Inves-
tigation of the structures of newly^syntheslzed conpounds 
are the following i 
1. Infra-red Spectroseopy» 
2. Ultra-violet and Visible (Llgand-Flelds) Spectroscopy, 
3. Magnetic Susceptibility Measurements^ 
4. Nuclear Magnetic Resonance Spectroscopy, and 
5. Molar Conductance Measur«»fients. 
A brief description of these methods have been 
discussed below i 
I n f r f f f d 
The Infra-red spectroscopy Is a useful technique to 
characterlie • eoapound. The Infra-red absorption spectra 
of aoloeuiot rosults txm transition botween vibrational 
and rotational tnorgy Itvols. Tho Infra-red region of tho 
eloctroaavnotlc tpoctrua covers a wide range of wave lengths 
from O .e micron to 200 micron (12,500 to 50 cm"^). The 
characteristic absorption of radiation by molecules In tho 
infra-red region has boon classified Into three categorlest 
near l ,h , 0,8 to 2*5 (12*500 to 4,000 cm*^)| I.K. 2.5 to 
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15.0 n (4,000 to Ml cnT^) and far I.R, W to 200 
(667 to 50 Oi*^). 
Tho infro-rod froqu»ncl«8 aro d4»t«rfliln»d nalnly 
by th« machanlcal notlont In thp nol«cul«. In a tlfiiplir 
diatonic molaculc (x-y)» th« only vibration which can occur 
ia tha pariodic atratching along the x->y bond. Thi» atretch-
ing vibration nay be viaualized as an oacillation of the 
two bodies X and y connected by a spring and Hook*s law ia 
applicable to a f i r s t approximation. The vibrational energy 
of a diatmaic molecule i s given by 
E, vib 
where h ia the Planck*s constantf n i s the vibrational 
quantum nunber» k i s the force constant of the bond and 
H i s the re<hieod mass of the molecule defined as* 
>1 - , i J ( 5 9 ) 
"* "y 
where n^ ^ and n^ aro atomic nassea of x and y respectively. 
The efiargy ahange AE^^^ for the absorption pro-
coat n • 0 to ft « 1 i t 
t i n e . A E y i b • h O ( 6 1 ) 
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wh«r« if thfr vibrational fraquaney in Sac*^ 
or AEy^j^-hcO (62) 
whara C i s tha velocity of l ight and O i t the vibrational 
frequency in cm"^  and ia» therafora^ given by 
^ - j f c V ^ (63) 
The value of k i t of the order of 5x10^ dynet cm**^  for a 
single bond and i s about twice and thrice for double and 
tr iple bonds respectively* 
A non^linear aolacule of n atoms has 3n degrees 
of freedom which are described as three rotational and 
three transitional md 3n-6 vibrational motions* A non-
linear molecule should then shew 3n*6 different strong i*r* 
absorptions* In certain moleculest however, one observes 
a lesser nunber of normal vibrational frequencies than 
expactad in the infra-red spoctra* This i s due to some 
stlaetion rules which should ba followed by the normal 
flwdas of vibration of the molecule* The absorption of tha 
eloctronaonatic radiation i s possible only whan there i s a 
Chang* in the dipola moment of the molecule during the 
normal vibration* The intensity of tha resulting absorp-
tion band i s proportional to the square of the change in the 
dipolo moment* When thoro ia no change in the dipola moment 
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of • aiol*cul« during « nomal vibration i t wi l l b« infra* 
rad inactiva* 
It haa baan found that in infra^rad abaorption» 
aona of the vibrational fraquaneias ara aaaoeiated with 
spacific groups of atoms and ara tha scant Irraspactlva of 
tha molacula in which this group i s prasant. Thaaa ara 
callad charactaristic fraquaneias and thair conatancy 
rasults fron tha constancy of bond forca constants from 
molacula to molacula. Tha important obsarvation that tha 
infra-rad spactrum of a complax molacula conaists of a 
number of charactaristic group frequanciea makes infra-rad 
spactroacopy an unique and powerful tool in structural 
analysis^ The vibrations associated with covalantly linked 
atoms may be claaaified into *Stretching* vibrationa involv-
ing periodic axtanaions and contractions of the bands and 
'bending and dtformationa* vibrations involving periodic 
bonding of bonds* Banding force conatanta ara generally 
about an ordtr of magnitude smaller than tha atretehing 
force conatanta and art mora aoiiaitiva to the environaent* 
Vibrationa in the onviroMiont give r iae to amall changaa in 
the charactariatic froquoncy of a group. The charactorlatie 
group froquonciaa rolovant to the proaant work only have 
boon deacribad in the following faw paragrapha. 
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Th* iiifr*-r«d tp^ctr* of chlorosulphuric acid In 
folldc liquid and also in th» gasaout atata at tamparatura 
up to 6Q^ C wara f i r a t obtainad and axaninad by savoia and 
Giguara • Thay auggaatad tha dlmeilzatlon of tha acid 
avan in gasaous atata* Kewavar, Chackalaekal and 
44 
eoworkars hava racordad the i«r» spaetra of HSO^ Cl mono-> 
mar aa wall as in tJia asaociatad form. Tha fraquanclas 
obsarvad in tha i»r* spaetra of the monomer have baan 
assigned by thasa workara as the eharaetaristic SO^  rocking* 
3-Cl stretchingt 3«0*H stretching* SO2 syBnatric stretching, 
/ 
30^ asymmetric stretching and OH stretching vibrations. It 
was later indicated^ that the ^^Cl* ion which has a C^ 
symmetry i s expected to exhibit six modes of vibrations* a l l 
of which ahould be infra-red as wall aa Kaman active* These 
have been conveniently daacribed as a aymmatric 30^ atratch. 
and asyninetric 30^ stretch, a symmetric 30^ 
band* ^^sCa) and aaymmatric SO3 band. a S-Cl 
atratch* -O^i^) «nd S«C1 wag. I t ha a baan ahown 
from tha study of a faw a lka l i and alkaline earth matal 
ehloroaulphataa^ that tha positions of thasa charactaristic 
bands art not mueh altarad excepting tha aymmatric 30^ 
atrateh* vibration which* howovar* undargoaa a 
poaitiva ahift* i f thara a i i s t a an incroasad interaction 
batsraon tha matal ion and tha chloroaulphata group. 
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Th« Methyl eyafild* nol«cuX« belongs to th« point 
C^ Y and oxhibltt oight normal nodes of vibratloni^^. 
Three of these normal modes e .g . , C » N stretching vibra-
tion, the syranetrie C-H deformation and the symmetric 
stretching vibration are much affected when methyl cyanide 
undergoes coordination with metal Ions. It has been Indi-
cated that the methyl cyanide can coordinate through 
nltrogen^^^^ as well as via the tr iple bond^ .^ In most of 
the methyl cyanide complexes generally a positive shift of 
about 30 cm"^  to 110 cm*^  in the C • N stretching frequency 
has been reported and i t has been concluded to be diagnostic 
for i t s coordination through nitrogen atom and has been 
termed normal coordination. However, in few substituted 
methyl cyanide complexes with group IV elements a consider-
able decrease in C * N stretching frequency has been indi-
cated. This has been attributed to the involvement of 
carbon-nitrogen tr iple bond (-C s N) in coordination similar 
to that obaorved for coordination through -C 5 C- bond in 
aeotylono eomploxoa^^^^. However, in such methyl cyanide 
coMpXexes the magnitude of decrease in -C « N stretching 
vibration i t reported to be much lower as compared to that 
ahosm for -C b C- bond in acetylene compiexos. It has been 
interpreted to be duo to the free electron pair on the 
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nitregm of th« cyano group which tondt to sharo aaking up 
for tht dralnag* of «l*ctront from th« tr iple bond rogion 
on conplox formation whereat such a possibil ity of any 
compensation for the lowering of bond order does not exist 
in the C « C bond in acetylene complexes. 
Ring Vibrations 
Pyyid i^^ f 
The vibration spectra of pyridine shows three 
important ring vibrationst i . e . t 16b(out-of-pl»ne ring 
deformation), 6a and 8a(in->plane ring deformation) observed 
at 403, 601 and 1578 cm*^  respectively^^. All the three 
bonds suffer considerable positive shifts on coordination 
of pyridine to metal ions and the magnitude of the shift 
depends on the stereochemistries of the complexes and on the 
metal atoms* The 601 cm*^  band has been suggested to be 
more sensitive to the stereochemistry of the complexes such 
that in tetrahedral, polymeric octahedral and octahedral 
compXoxos, i t appears at 642, 631 and 625 cm*^  respectively^} 
In a few complexes* the doubling of the above mentioned 
pyridine bands have also been reported which has been sugges-
ted to be due to some Interaction between different pyridine 
molecules either within a aingle molecule or between diffe-
rent molecules of the unit cell* 
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Th* thrM inporUnt ring vibrations in th# 
bipyridin»f th« out*«f-plan« rln? dafornation 16b and in-
plana ring dafomation 6a and 8a, occur at 402 , 619 and 
1590 cia"^ ratpactivaly^*^. It haa baan raportad that tha two 
lowar wava number bands ara vary sanaitlva and after conp-
laxation undergo considerable oositive shift* 
The two strong bands observed at 1515 and 1555 cra"^  
in the i . r . spectrum of the free acridine are attributable 
to C^mC and stretching vibration respectively^®. It 
haa been shown that a positive shift of about 75 os'*^ and 
100 ewT^  i s observed for the and Oci.N vibrationa 
respectively after conplexation of acridine to sietal iona 
auggaating the coordination through the nitrogen atonra of tha 
pyridyl 
W-W ^teftfhiM YI»HUtfl 
The •etalHRitr»gan (M«>N) stretching fra^ency is 
of the particular intaraat since i t provide direct infoma* 
tion rogayding coordination* I t appoarv in tha low frequency 
rogiofi* The M-N atretching frequency dopenda on the follow-
ing factors t 
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! • Mtst of th« n«t«l ftiid Xigandt 
2« Oxidation numbtr of ««ta l ieiit 
3. Coordination of lattal ien» 
4« Goonotry of c<MBplex» 
Basicity of ligand molecule, 
6* Bridging or non-bridging anions, and 
7« Ligand f ie ld stabilizing energy* 
Becently i«r« spectroscopic studies have been used 
for characterizing the various solid metal and non-metal 
fluorosulphatea and chlorosulphates by studying the 
characteristic fluorosulphate and chlorosulphate group 
freguencies5''^-9'29.31,60.66^ 
I t has been shown that AgCl prism can be used as 
window material for studying strong acid solutions^''* Thin 
poiyothylono and teflon shoots have also been successfully 
usod by tome workers^^®^*^''"^®. In the present studies 
i«r* apootra of the solid compounds mulled in nujol have boon 
roeordod on a Perkin Elmer Model 621 and 735 spectrophoto-
motor at room tomporaturo The mulls wore pressed 
into a homogonoous thin film in an onvolope coll made of 
poiyothylono and the eoll was aoalod off* All manipulationa 
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w»r« carried out in th« dry box f i l l *d with dry nitro^on. 
Although ther« i t a high background absorption of tha 
polyathylana* i t i t trantparant anough in tha 1500 to 
200 cwT^  ranga to anabla tha atudy of tha characterittie 
chloroaulphata vibratlont which occur in thit ragion. 
2. fH^ yif^t^l? XLlqand-F^^dt) 
v^ han a nolacula absorbt radiation i ta anargy i t 
incraased. Thit incraatad anargy i t aguai to tha anargy 
of tiia photon a x p r a t t a d by tha ralation» 
E « hO (64) 
or • hc/y^  (65) 
whara h i t Planck*t conatant O and X ara tha fraquancy 
and wava langth of the radiation ratpactivaly and c i t 
tha valocity of l ight . 
Moat of tha coapounda absorb l ight tomawhara in 
tha tpoctral ragion batwaan 200 and 1000 m* Thaaa tranai-
tiont eorraapond to tha axcitation of aloctrona of tha 
Molaculat fraa ground atata to highar alactronic atataa. 
In a tranaition aatal a l l tha f iva 'd orbitala* v i z . , 
^xy' ^yx* ^xx* ^s^ daganarata. Howavart in 
coordination coapounda dua to tha proaonca of Uganda» thia 
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d*g«ntr«ey i t l i f ted and d orbital« spl i t into two groups* 
csllod tjg dyj snd d^^) and (d^2 and in an 
octahadral eonplox and t and e in a t«trah»dral complex. 
Tho sot of t2g orbitals goos below and th« sot of orbi-
tal* goes above the original level of the degenerate orbi-
ta l s in an octahedral complex* In case of thf> tetrah»dral 
complexes the position of the two sets of orbitals i s 
reversed, the e going below and t going above the original 
degonerate levol. 
In order to lnt»»rpret the spectra of transition 
metal coenplexest the davice of energy lev»>l diagram based 
upon *hussell 'launder ichame' must be introduced. This has 
the effect of splitting the highly dogenerate configura-
tions into groups of levels having lower degeneracies known 
as 'Term Symbols*. 
The orbital angular momentum of electrons in a 
f i l l ed shell vectorically add upto zero. The total orbital 
angular momenttm of an incomplete d shell electron i s 
obtained by adding L values of the individual electrons* 
which are treated as a vector with the component ml in the 
direction of the applied f io ld . Thust 
i ^ 
S P D F 6 H I 
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Th« total spin Miguler momontun S • I S^  wh«r« S^ i t th« 
valut of spin angular menontun of the individual eloctront. 
3 haa a dagonaraey t o i^ual to 2Sf l , which ia alao known aa 
*Spin Multiplicity*. Thua a tani ia f inal ly danotad aa 'TL'* 
For axanpla, i f S • 1 and L 1* the tarn wil l ba P^ and 
aini lar ly i f S « and L » tha term wil l ba ^F. 
In ganaral tha tama ariainq from a d'* configura* 
tion are aa followa i 
1 2o 
d^ d® t ^F, ^P, ^G, ^D, 
d V 1 ^F. % ^Q, ^f. 2p 
d V 1 
t % % ^F. ^P, 2G(2), 
Coupling of L and S alao oecurat bacauaa both L and S if 
non^torot ganorata magnatic f ia lda and thua tand to oriant 
thoir laoBonta with raapaet to oaeh othar, in tha diroction 
wharo thaiir intoraction^onargy ia laaat* Thia coupling ia 
known aa *LS coupling* and givoa riao to tha roaultant 
angular «oaontUM donotod by tha quantum nunbar J whioh nay 
havo ^ant i iod poaitivo valuaa fron iL4>S|uptoit»5|o«g*» in 
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eat* of Sm 1) 3 , Sm posaibl* valu»t of 
J rtprasanting statatf arising fro« tarm aplitting 2,1 
and 0 and and Each atata tpaelflad by J la 
2J4»1 fold Tha total nuoibar of atatos obtained 
from a term la called tha nultiplat and aach valua of J 
aaaoeiatad with a given value of L la called a component* 
Spectral tranaitions due to apin orbit coupling in an atom 
or ion occurs between the components of two different 
multiplets* While L"? coupling scheme i s used for the 
elements having atomic ntmber less than 3D, in whose case 
spin orbit interactions are large and electron repulsion 
parmietera decrease. The spin angular momentum of an indi-
vidual electron couplea w i^ i t s orbital momentum to give 
an individual J for that electron* The individual j*a 
couple to produce a r e^ l t an t J for the atom* The electro-
nic tranaitions taking place in an atom or ion are governed 
by certain 'Selection Rulea*, which are as follows i 
1* Transition* botaroon state* of different multiplicity 
•re forbidden* 
2* Tranaition* involving the excitation of more than one 
eleetron oro forbidden* 
3* In a molecttlot which haa a centre of aymmetry, tranai-
tions botwoen two gorade or two ungerado etatea are 
forbidden* 
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Th« ground t«m of • d*^  tyttflm It the one which 
hat tho highott tpln nult ip l le l ty and the highett L value. 
All the temt of a given tytten further tp l l t In the pre-
tence of a llgand*field« Interelectronic repulsiont within 
a configuration give the energies of the terms above the 
ground term. The energies are function of two parmneters 
related to electron repulsion. The two parameters may be 
chosen in either the way of Condon and Shortley (F^ and F^) 
or in that of Hacah (B and C) for d orbital electrons. For 
the f i r s t transition series ions the value of C/B i s around 
4.0 and B i s about 1000 cm* .^ It i s possible to exmiine 
the effects of crystal f ie ld on a polyelectron configure-
tion. The ligand-field splitting due to cubic-field can be 
obtained by considerations of group theory. I t has been 
shoim that an 3 state remains unchanged, P state does not 
split* a D state spl i ts into two and F state into three and 
a Q ttate into four ttatet at tabulated below. This holds 
for an octahedral at well at T^  tymnetry. 
S A, 
P T^ 
0 E + Tj 
F Aj* Tj 
0 ' Aj* E • T^ -f Tj 
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In w««k crystal f i « ld t tht Intcrtlectronlc r«puitiont 9X9 
larger* Th« ery t t « l - f l « ld may howAvert b» of comparable 
nagnitudo (nodiun atrongth) or i t may be larger than the 
Interelectronic repulsion. 
Correlation diagram for free ion (weak-field)—• 
1 9 
strong«field configuration from d -d for both octahedral 
and tetrahedral cases are available. In addition to the 
qualitative aspects of transition frmn weak to strong crys-
ta l - f ie lds i t i s also necessary to have quantitative results 
available for the interpretation of spectra. The so-called 
Tanabe-3ugano diagrams make i t possible* In these diagramst 
the energies of the levels of a d'' system as E/B are plotted 
as the vertical coordinate and the crystal-f ie ld strength in 
the form of Oq/B as the horiiontal coordinate. This diagram 
requires two parameters B and C for the inter electronic 
repulsions. I t can be drawn only if the ratio C/B i s speci-
fied. 
Transitions from the oround state to the excited 
state occur according to selection rules described ear l ier . 
The enorgy-lovel order of the states arising from tho 
splitting of a torn state for a particular ion in an octa-
hedral f i e ld i s the rovorse of that for this ion in a 
totrahodral-field. 
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Sofli«tlBi«t du« to transfer •f eharQc fron Xigand t« 
aatal or natal to ligand, bands appear in the ultraviolet 
region of the spectrum* Such spectra are known as 'charge 
transfer spectra*, or redox spectra* For metal complexes 
there are often possibi l i t ies that charge transfer spectra 
extend into the visible region to obscure d<-d transitions. 
Howevert these should be clearly discerned from the ligand 
bands which might also occur in the same region* 
Diffused reflectence spectra of the present 
compounds were recorded on a Carl-Zeiss V«»U-2P spectro-
photometer using MgO as the reflectence standard at 
The UV spectra for the dimethyl and diethyl tellurium 
dichlorosulphates were recorded in acetonitrile on a DK^2A 
Beckaan Ratio Recording Spectrometer at 
3. Miff l tm ^^t fwtMUlY M f i w t i t n U 
The magneto^hemistry method finds the most ramrard-
ing applications to the problems dealing with the coordina-
tion cosipoiindst particularly of the transition metal ions* 
This is because the more important aspects of magneto-
chemistry are concerned with the effect arising from ineomp-
lete aholis of electronSf isolated from each ether and these 
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conditioiit ar« fu l f i l l ed by complex eonpounds of traneitlon 
•lemonit* Thero are several klnda of magnetleai in eubetan-
eee v iz . , pararaagnetisss» diamagnetlam, ferromaonetism or 
antlferronagnetlam* The magnetic effects arising from the 
spin angular momentim and orbital angular momentum of the 
electrons give r ise to paramagnetiam. Most of the compounds 
of the transition elements are paramagnetic. Oiamagnetism 
i s attributed to the closed shell electrons with an applied 
magn<»tic field* Terromagnetism or antiferromaqnetism arises 
as a result of interaction between dipole of neighbouring 
atoms. 
The possession of the spin and orbital an^lar 
momentum forms an atomic system into a micromagnetic dipole 
with a moment t 
IT^ • ( T ^ b^ (66) 
where L and S stand for total angular momentum and total 
spin angular momentum (in units of h/2%) reapectively and 
0b i s Bohr magiieton* 
For the case when spin*orbit coupling can be 
essentially neglected, that is , the multiplet splitting of 
the ground term is small eosipared with KT( A « K T where A 
is spiii»orblt coupling constant)* the effective magnetic 
moment Is given by t 
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« (L(U1) • 4S(S4i ) ] l B.M. (67) 
In another •xtrm* cast whara A >>KT and tha multipl icity 
aplitting i t ao graat that v i r tua l ly a l l ions are in tha 
ground eomponant of tha multlplat for tha uaual tamparaturaa 
of aaasurenanta i 
^aff « (68) 
where g i s tha Landa factor and i s given by tha axpraaaiont 
where J, 3 and L are total angular momentuniy total spin 
angular momentum and the total orbital angular monantum. 
While this expraaaion describes thc^  value of ^eff for the 
complaxea of rare*earths,the equation often applied for 
tha coaplaxea of f i r a t aarias of transition metal ia t 
>*aff - [L(U1) • 4S(S+l))i (69) 
I t i t* howavart only valid for conplaxaa of Co^**^  and Ni^ '*' 
and 9anarally pura-tpiji fenmla given balow ia uaad t 
^•tt m (4S(S+l)]i' S.M. (70) 
ia»» tha orbital orbital angular moaantim contribution 
ia naglaetad* 
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Whil* tpin-magnfftle aoamt It Insmtitive to 
•nvlroiMMt of actal iontf th« orbital wagnotie moment i t 
not* In ordor for an oloctron to havo an orbital angular 
momontum and theroby an orbital magnf^ tic moment with rtfo* 
roneo to a given axis i t mutt be pottible to trantform the 
orbital into a fully~equivalent orbital by rotation about 
that axis. 
Llectront In d^  ttates can not contribute to the 
orbital moment because the d 2 2 and d 2 orbitals can not 
be transformed into one another by rotation about any axis. 
However* a l l dg states excepting d^ and dc.^  contribute 
to the orbital moni<»nt. 
No orbital contributions are e)Q>ected for octa* 
hedral high*tpin complexes of configurations )» 
d'^ Cdfe^  d^), dy2), d^a), d^a) while 
for d^(de ) , d®(d£ ) , d^ Cde."* d^2) and d^ C^d^ ^ d^l) a non-
xero orbital moaont contribution i t pottiblo. For low->tpin 
comploxot of octahedral tymmttry an orbital moment contri-
bution i t toon for ) and } and none for 
) and d^). 
An orbital moment contribution i t ojcpoctod for 
totrahodral and oetohodral eomploMot when the ground ttato 
i t tpllt* Kewovor* tho t e n t tplitting into • throo*foid 
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orbital ly d«9«n«rat» St«t« T wil l eontrilniU but that 
fplltt ing* into a two»fold orbitally d»9«n»rat« state E 
wi l l net contribute at i t i t nennnaqnetic. The twe«>fold 
orbital ly de9enerate state A thould ^ive no orbital moment 
contribution* 
f.v«m when no splitting of tht ground ttate appears 
in catet having no orbital tnoment contribution* an inter-
action with the higher states can appear» due to tpin-orbit 
coupling* giving an orbital moment contribution. Hence in 
the f i r s t half of the transition metal series for th# comp-
lexr>s» a decrease of the moment compared with the pure spin 
moment i s expected* but in the second half of the series an 
increase should be se«^ n. It has been found that for octa-
hedral complexes there i s an appreciable orbital, moment 
contribution and for tetrahedral complexes i t i s compara-
tively lesser. 
Practically the magnetic moment value of an unknown 
complex i s obtained from the measured magnetic susceptibility 
which i s defined as follows t 
Xf a magnetic f ie ld i s applied to a substance* then 
the flux B within the substance i s given by a formula 
ft • Ki^nl (71) 
where H ie the magnitude of the applied f ie ld and I i s known 
at the intensity of megnetitation* the magnetic permeability 
ie i^ H end i s given by 
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I • 144«(I/H) « l+4iiK (72) 
IC i t calivd th9 voltmc •utceptlbll ity. ConventlonaXy, 
lfiat««d of volin* tutcvptibilltyt gran tuteeptlbil ity 
utadt whara nagnatic auaeaptlbillty i t eontidarad 
on waight bat i t . ^ ^ ««han multipliad by tha molacular 
waight of tha complax and corractad for diamagnrtic valuat 
glvat r i t a to X valua la calculatad for 
XS®" ^y axprattion 
•'aff « X T)l B.r4. (73) 
T i t tha abtoluta tamparatura €>t which tha axparimant i t 
par form ad, 
Magnatic autcaptibiXity nay or nay not ba dapan* 
dant on tanparatiira. A raiationthip for tha paramaghatic 
auacaptibility and tanoaratura ia givan by Curia*a law 
a ^ whara C and T ara Curia cenatant and abtoluta 
tan^aratura* Magnatie nonant thould not dapand on tanpara-
tiira for ttonploKaa whara thia low i t valid* In ganaral* 
howavar^  daviationa ara found and ^aff valuaa dapand on 
tanparatura* Within a cartain tanparatura ranga (30»40^K) 
tha dapandanca X.M ^^^ ^ rapratantad by t 
^ ^ • ^ (0 • Curia-Waitt Conatant) 
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The present ecmpeunds were analysed on vibrating 
aaaple nagneteneter Meoel whieh directly gives the 
value of ^eff value without diamagnetie correction with the 
help of the equation* 
^eff - 2 . 8 4 X T X M (74) 
K m Heading on niagnetometer» 
T m Absolute teisperaturet 
M K Molecular weight of the substance* 
w m /Ieight of the s«aiple» and 
H » Applied magnetic f ie ld in guass* 
The nuclei of certain isotopes possess a nechani-
cal spin or angular MoaenUn* The total angular momentun 
depends on the nuclear spin or spin quantua nu»ber I which 
nay have the values 0» ^t § •••• (depending en the parti* 
cular nucleus)* The n*n*r* spectroscopy i s aost often 
concerned with nuclei having I • exasMPles of which 
include ^H, ^ h and 
For a nucleue with X • ^ there are two values for 
the nuclear spin angular aMientun fiuantwi nuaber Mj vis«» 
t 4« I 
•4- ^ and - ^ which in the abonc* of • magnetic f l a ld ara 
daganerata* In praaanee of magnetic f ie ld however» thla 
degeneracy la deatroyed auch that the poaltive value of m| 
corresponds to the lower energy state and the negative value 
to higher, separated by ^ nucleus with a magnetic 
mmnent can be visualized aa bar magnet which spins on i t s 
axia* The magnetic moment interacts with the external f ie ld 
when the nucleus i s placed in i t and produces torque* This 
torque interacts with the angular momentwn and causes 
magnetic moment to precess about the applied f i e ld vector. 
Ho. The angular frequency w, of the orecession i s referred 
to as Larmor frequency whose magnitufe i s determined by the 
expression given below t 
w « yHo (75) 
The quantity yCradians gausa^^aec"^) referred to as the 
magnetogyric ra t io , ia a conatant for a given nucleus* 
In an n*m«r« experiment one appliea strong hoaio-* 
genaous magnetic f i e ld causing the nuclei to precesa* 
Hadiation of anergy comparable to AH i s then inpoaad with 
a radio fraquency tranamlttar ia equal to the Larmar f re-
quency the two are aald to be in *reaonanca* and the energy 
can be tranafarred to and from the source and the awpla 
and n*m,r# signal i a mbtainad when a nmcleua ia excited from 
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the low tncr^y to thm high onorgy stato. Th« Larnor fro-
quoney i s g«n#rally miiteh«»d with a fixed radio frequency 
by varyifiq the f ie ld atrength Ho. 
The magnitude of the f ie ld seen at the nucleus) 
Hj^  i s different from the applied f ie ld Ho due to shielding 
by electrons and is given by the relation. 
H^  - Ho(l-(r' ) (76) 
where (T" i» a constant representing the shielding of the 
nucleus by the electrons. An accurate measurement of Hj^  
and Ho i s very d i f f icu l t . Instead a reference material i s 
employed an.i the difference in the f ie ld strength Hs at 
which the sample nucleus absorbs nno M^  at which the nucleus 
in the reference compound absorbs i s measured. The chemical 
shift d which i s independent of the f ie ld strength i s defined 
as 
^ - ihe probe 
where the difforenco in the absorption frequencies 
of the sample and referonee in cps» the fixod frequency or 
the oscillator frequency i t eharaetoristic of the instru-
ment. A 60 Mc instrument hat an oscil lator frequency of 
60 X 10^ cpt. The factor d i s a diaontionlttt quantity 
•xprotted in partt per million <pp«). 
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Th« fin« struetur** of th« n.m.r* p»aks du« t» 
various nucl«l aritot froa the phenontnon known «• spin* 
spin splitting* Th« soparstion J(usually «xpross«d In 
cycles per second) between the peaks coaprising the fine 
structure Is referred to as the spin-spin coupling constant. 
The nunber of peaks in the fine structure of the spectrum 
due to an atom A being spl i t by a non-equivalent aton B i s 
given by the following formula t 
n - 2E Sgi-1 (78) 
where £Sg i s th« sim of the spins of equivalent B nuclei. 
The relative intensities of the peaks can be obtained from 
the coefficients of the terras that result from the binomial 
expansion (1-fx)", where m • n-1. 
Tho spin-^>in ^»litting pattern and characteristic 
J values provido extremely useful information regarding the 
strueture of the spoeies being investigated. 
iHgtllifRUA Tff?inl<»¥tl 
The n.m.r. spoetra wore rocordod on a Varian A»60 
spectroMoterc in doutoratod DMSO using IMS as internal 
roforence. 
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The conductivity measurement i s one of the simplest 
and easily available techniques* used for characteriiation 
of compounds. It gives direct information regarding whether 
a given compound i s ionic or covalent. For this purpose the 
measurement of molar conductance (Am) which i s related to 
the conductance value in the following manner i s made* 
Cell constant x Conductance 
A m w 
Concentration of solute expressed in moles cm 
Conventionally solutions of strength are used for the 
conductance measurement* Molar conductance values of d i f fe . 
rent types of electrolytes in few solvents are given belowi 
A 111 electrolyte may have a value of 75-95 ohm"*^  
cm^ole"^ in nitromethene* 50-75 ohm^^ cra^ mole""^  in dimethyl 
•ulphoxide, 72o90 ohm'^ ca^nele**^ in dimethyl formamide and 
100-160 in Mthyl cyanide®®*®'"''®. Similarly 
a solution of 2tl electrolyte may have Am value of ISO-
ISO ohm-^Oi^ie^^ in nitronethane, 130-170 ohm'^em^ole"'^ 
in dimethyl formamide and 140-220 ohm*^ cm^mel«*^  in methyl 
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Elftctrical Conductivity in chlerotulphuric Acid 
d«t«raiin*d th<» specifie conductivity of 
chiorotulphuric acid and found a vaiua of 
at Latar hobinson and Ciruna^^ tuggastad that reagant 
grada acid (BDH, England) has • specific conductivity valua 
of about at 25®C, This acid was found 
suitabla for conductance studies of most of the electro-
lytes» 
Theory of Electrical Conductivity in Chlorosulohuric Acid 
The specific conductance (IC) of a solution i s 
defined as the reciprocal of i t s specific resistance as 
given below t 
^ - (79) 
whare Hs « specific resistance* 
Since the rasistanca of any conductor 
a • Ra^ oha (80) 
where 1 • distance batwaen electrodes and 
a • area of electrodaa» 
by aubatituting Rs frooi aquation (79), equation (80) beeoaiea. 
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«rh«r* R i t the r*titt«ne« and * It the e t l l contitnt* 
For a tolutlon containing ionic tpeciet 1»2»3*»»*1 
of conctntration aoving undtr potential 
gradient of one volt per centimeter, the volc i t iet of iont 
^1*^2*^3****^1 l^ nown at abtolute ion mobillt iet. The 
relation between the abtolute ion mobilltiet of the iont and 
the tpecific conductance under tuch condition i t given by the 
relation 
where Zj i t the charge carried by the ith iont and F i t the 
f-araday conatant. 
i-rom the definition of ionic mobility (t^) at 
t j . FUj^  (82) 
the equation (81) becoaet 
m tpecific conductance in ohm^^ cm'"^ . 
For a given cel l the rat io i t defined at the coll 
conatant raproaonted by 0, then 
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a m HK (83) 
K and K, as already defined above* are resistance 
and specific conductance of the solutions respectively, 
Oetermlnatlon of Cell Constant 
The ce l l constant was f i r s t determined according 
71 
to the method suggested by Jones and Bradshaw * by using 
potassium chloride solution of known specific conductance. 
However, since the minimum conducting sulphuric acid Is 
well established^^ wa calibrate our ce l l s using this 
secondary standard. The ce l l constant Is given by the 
equation t 
G « 0.010433 X I (84) 
where B Is the minimum observed conductance for the H20«S0^  
system. 
Ihir ^ p i y t m i m^ tefftattn^t Tti?^n4q¥gt 
The ce l l used In the present work i s the tame at 
wat designed by Solomont^ .^ Figure (3) thowt a typical 
conductivity ce l l which contlsts of a tube approximately 
10 cm long containing the electrodes and Joining two 100 ml 
conical flatkt« The electrodes wero mado from platinum 
3 
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fo i l (1 cm )^ and w«r« firmly fixod on tho tub* to that no 
ditplacMont could occur* Tho conical flasks woro fittod 
with a sockot (&-14 standard Joint) and wora cappod (B-14 
standard Joint) to oMCludo a l l moisturo fron th« ce l l . 
To «lifiiinst«> electrode polarization resistance i t 
i s necessary to cover the electrodes with a layer of p la t i -
num black. The electrodes were platinized by electrolizing 
solution of chloroplatinic acid with s current of 20 mi l l i -
ampere, reversing after every thirty seconds for about half 
an hour. After this heavy coating the electrodes were 
annealed in a hot flame and then replatinized for another 
ten minutes. Thus stable deposits of platinum were obtained 
which did not flake off. 
Tn tm i t f t 
The conductanco aoasurenonts woro carried out at 
in a thermostat whose temperature was rogulated by 
an automatic Uiermomoter* 
THfinit^t 
In ordor to carry out the terios of conductivity 
mtaouramentst • woighed amount of about 30 to 50 gms of the 
t 5 5 t 
acid was taken In th« clean and dry ce i l . Small known amunt 
of tolute were added by means of weighing tube* The solute 
was thoroughly mixed with the solvent in the ce l l by swirl* 
ing the ce l l . Care was also taken to keep the caps of the 
conical flasks tightly closed so as not to allow escape of 
any gas from the ce l l . After this the conductivity of the 
solution was measured from the conductivity bridge(Systronic 
type 30Z). 
JJFTERMIPFTIOP 9F Y"VFF^ ¥FTS L^F^MFFLYN^? 
The number of moles of the anions lOgCl" or the 
cation of solvent, self dissociation produced by 
12 
each mole of solute in chlorosulphuric acid , i s given by 
the symbol y* It* value can be readily determined from 
conductemetrie measurements in chlorosulphuric acid. It has 
been suggested that most of the current in solution i s 
carried by the SO^Cl* and^or H^ SO^ Cl'*' ions which conduct by 
an abromal proton transfer mechanism similar to that found 
for HSO4 and HgSOj ions in HjSO^^ ^ and SOgf and H^ SOgF* 
ions in HSOjF^ .^ Since i t i s known that potassiua chloride 12 
behaves as a strong electrolyte in chlorosulphuric acid 
producing one mole of SO3CI*' per mole of the solute, the 
y-value of a base is dotexained by comparing the concentre* 
tion of the base giving a certain specific conductance with 
t 5 6 t 
th« conctntratlon of the ttrong •l*ctrelyt*» KCl that giv«» 
th« taa* tpaciflc conductance In Figure (4), 
t - ^ 
whore OX i s the concentration of the base and OY la the 
concentration of KCl which gives the same specific con-
ductance. 
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COOROINATING PROPERTIES OF CHLOROSULPHATE ION-SYNTHESIS AND 
CHAliACTEaiZATION OF TOANSITICJN METAL BlS(CHLOROSULPHATES) 
I 98 • 
Th« reaction of SO^  with a varlaty of alkyl and 
aryl chlorldos^^^^ has been considerably exploited in the 
past for the preparation of the corresponding chlorosul-
phates in fa i r yields. These organo chlorosulphates were 
well known owing to their potential use in organic 
syntheses* The organosillcon chlorosulphates* obtained by 
the addition reactions of and corresponding organo "^ 
silanc3» have also been shown to be a suitable chlorosul-
phonating agent for thf synthesis of a variety of alkyl and 
T7 76 
aryl chlorosulphates • • However, i t was realised that 
the8(> organo chlorosulphates may also be successfully 
obtained by the direct action of chlorosulphuric acid on 
the alkyl and aryl derivatives at room temperature 
conditions* 
The addition reaction of stoichiometric amounts of 
SO3 with the appropriate chlorides were also exploited for 
the synthesis of various types of non«netal and metal 
chlorosulphates^^ • This addition reaction was shown to 
give products of varying conposition e«g«t aNaCl.so^ to 
NaCl*2S03^ or NaCi.aso^^ for the a lka l i metal chlorides* 
In 1960 waddington and Klanberg^® showed that the reaction 
of tetramethyl «Maonium chloride and of phosphorous penta-
I d9 I 
€hlorld« with ehlorotulphuric acid in liquid HCl •9lv«nt 
yi«ld*d crystal l ine cofliyM>undt-which en the basis of their 
infra*red spectra were formulated as the chlorosulphates 
Me^ N S^OgCl* and PClJaOgCl"* respectively. The synthesis of 
a good nunber of ionic chlorosulphates which includes 
a lka l i netal and alkaline earth metal chlorosulphates have 
o 
been reported by Hobinson and Ciruna • These chlorosul-
phates were obtained incorporating ^ e solvolytic reaction 
of the metal chlorides with excess of chlorosulphuric acid 
serving as a chlorosulphonating agent as well as the medium 
of th(> reaction i*e«, 
MCI + nHSO,Cl :—M(S0,C1)^ + nHCl (83) n -I J n 
Recently a few novel metal chlorosulphates and 
oxychlorosulphates have been synthesized and characterized 
by Siddiqi and c o w o r k e r i n this laboratory. The 
evidenco rtgarding the structure and bonding in these com-
pounds havo boon deduced from the number and energy of 
bands charaetori•tic of anion vibrations in the i . r* spectra« 
A detailed study of the i«r« spectra of the ehlerosulphatee 
of a lka l i metalSf alkaline earth metals and those of Zn(II), 
Cd(ll} and HgCll) have been reported®*^^. Although there i s 
a report^ in the l i terature for the preparation of Ce(ll}t 
N id i ) and Cu(Il} chlorosulphates but the mode of bonding in 
t 60 t 
th«t« taits h«v« net been ditcuts«d «o far* I t was* tharft* 
for«9 eonaldartd of in tar t i t to aynthatlsa a faw tranaition 
natal bia(ehloroaulphataa}» iAiSO^Cl)^  [M • Cr» Mn» Fa, Co* 
Ml and Cu] with a viaw to axaminlno their ttaraochanlttry 
and tha noda of linkage of the SO C^l group to the natal 
atoms in these ecmpounda* 
I 61 • 
ffiETAfifflo^ mp mmcmm QF mmn 
The netal acetates ware coamareially pure samplet 
and were dehydrated by refluxing with freshly d is t i l led 
acetic anhydride (BOH 99*100^) for about an hour. These 
were then suction filtered* washed with dry ether and 
f ina l ly dried in vacuum. The anhydrous acetates thus 
obtained were used imnediately. 
rmnrl 
Thionyl chloride (E. Merck) was dis t i l led by 
established nethod using a l l glass apparatus. The color-
less fraction boiling at 77^ C was collected and used 
imediately. 
m m 
Methyl cyanide (BOH) was used after drying over 
calciun hydride followed by dist i l la t ion. 
Synthesis of wetal bis(chlorosulphates), iki^^^Cl)^ 
The dehydrated Cr(n), MR(II)» Fe(ll)» Co(II), 
Ni( l l ) and Cu(XI) acetates gm) were slowly added in 
t 62 t 
m»li fractions to an amount of provioutly eoolod 
ehlorotulphuric aeld (Bled«l} takon in a elosod reaction 
voaaol* A vigorous reaction took place and the tempera* 
ture of the reaction mixtures was maintained so as not to 
r i se at>ove 40^ C« After the reaction was completed, the 
solutions were magnetically stirred for about six hours* 
The metal chlorosulphates formed as solid compounds were 
vacuum fi l tered, washed several times with chlorosulphuric 
acid and f inal ly with freshly d is t i l led thionyl chloride 
and dried under vacuum at to a constant weight. 
The elsmental analysis for sulphur and chloride 
was done gravimetrically according to the established 
methods^^ .^ The metals, chromium, manganese, iron, cobalt, 
nickel and copper were estimated by carrying out complexo*-
motric titrations^^^ with H.O.T.A. using Eriochrome Black 
T/PAN indicators. However, in a few cases a sl ight devi* 
atiens in the obsorved and ealeulatod magnitudes have been 
noted. This may probably be duo to the hygroscopic nature 
of these conpoundt* 
I 63 • 
The results of the elemental analyses (T«bl«»l) 
are in agreement with the proposed composition as 
wh€>re M » Cr» ^n, Fe, Co» Ki and Cu for these 
chlorosulphates. 
The evidence reqardinq the probable structure and 
mode of bondinq in the present metal chlorosulphates has 
been deduced after thoroughly examining the observed fre-
quenci<>s characteri-stic of tht^  chlorosulnhate group in 
their i»r, spectra. The spectra of the ionic chlorosul-
phates Me^N'^'SO^Cl" and PClJso^Cl* were explained by 
Qg Vvaddington and Klanberg by comparison with those reported 
60 for the corresponding fluorosulphates . Theysuggested the 
540 cm*^  band as characteristic of the S-Cl stretching mode 
103 
which was later found to be the SO^  symmetric bending mode. 
The mMber of oniltiplet bands observed in the 530*650 cm*^  
region of the i«r» spectrum of NaSO C^l were assigned by 
Steger and Ciuree^^^ In t en s of removal of degeneracy of 
the asymmetric bMiding vibrations and a Ferrfli<»resonanee 
Interaction between the symaetrie SO3 bending and a combi-
nation band of the S-Cl stretching and 3-^1 wagging vibra* 
tions of the group. However* a detailed analysis of 
the l « r . spectra of the ionic ehieretulphate was f i r s t 
I 64 • 
WL^ -> I 
Analytical Data and Yi»ld for Metal Bit(chlorosulphstes). 
Compounds '/CI m ys Yield 
Found Found Found (f.) 
(Calcd) (Calcd) (Calcd) 
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o 
pr«t*nt»d by HobSnton and Ciruna on th» basis of a C^ ^ 
•ymiotry of th« fraa ehloro9ulphat« group* Th« fro« chlore-
•ulphato lon» as Is oxpocted to exist in ionic Cs>O^Cl, i s 
shown to exhibit six fundamental vibrations with throe 
doubly degenerate modes. It has been reported that if th(»re 
exists an increased cation-anion interaction in the metal p 
chlorosulphates as has been observed in LiSC^Cl , 
Ca(303Cl)^®, CrOgCSOjCl)^^'-^'^^, MnO-^.OgCl^^ and PbC^^gCl)!^, 
the symmetric IK)^  stretchinq vibration it much 
affected and undergoes a positive shift. Furthermore, the 
degenerate fundamental modes undergo considerable splitting 
suggesting the existence of appreciable covalent bonding 
through one or two oxygen atoms of the group to the 
metal ions. 
The i . r . spectra of the metal bis(chlorosulphates) 
tumaarired in Table»2 contain bands which nay reasonably be 
assigned considoring the C^  symsotry of the bonded chloro-
sulphato group* Tho S-Cl str* ^ ^ 
vibrations which wero net observed directly in a lkal i and 
n 
alkaline earth «eta l ehleresulphatet have» however, 
appeared in the present coapeitnds as aediun intensity bands* 
nearly at their estiaated positions* For Cu(II) and Ni(XI} 
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frtqu«ncy has be«n found to apptar at higher wava 
ntimb«>r (-^40 ca"^) whan compared to that r^-portad for 
ionic CtSO^Cl. Howavar, i t s position i s comparabla to 
that shown for the covalant ehlorosulphatas' Tha 
positlva shift in Oj(A) indicatas the axistanca of a 
considarabla axtant of cation-anion interaction resulting 
in a substantial covalent bonding between the chlorosul-
phate ion and the metal ions. This has been confirmed bv 
the appearance of the splitt ing in the degenerate 
and vj^(E) modas which mi^ht be due to the lowering 
of the symmetry of the chlorosulphate group from C^ ^ to a 
reduced symatry. The symmetry lowering of the chloro-
sulphate group would arise if i t i s bonded In a non-
identical aannar i«a«» if only one or two oxygen atoms of 
the chlorosulphate group are involved in coordination. The 
tridantate coordination of the chlorosulphate group in 
which ona oxygan i s Mora atrongly bondad than the other two 
oxygan atons aay also be a poaalbil ity of a non-idantical 
laeda of coordination a ia l l a r to that raported^^ for the 
fluoroaulphata group in Cu(XX) bia(fluoroiulphata.) Tha 
noda of linking of tha ehloroaulphata group in tha prasant 
aata l chlorosulphatast thorafora» appaara to ba different 
fron that raport«^d for Zn(Il)« Cd(IX) and Hg(XI) bia 
(chioroaulphataa)^« whara tha daganarata vibrations did 
not show any splitting* Tha abaanca of any spl itt ing of 
t 100 t 
th« d«gtn«r«t« ttO(ltt« hat b«en aterll>«d[ to the txlttaiic* of 
tridantata chlorosulphate group in which a l l th(» thraa 
basic oxygen atoms are coordinated to the netai ion in an 
equivalent manner. Further eonfiriaation regarding the mode 
of coordination of the chlorosulphate group and the stereo-
chemistry of these metal chlorosulphates hat been obtained 
after carrying out mangnetic susceptibility measurements 
and electronic spectroscopic studies* 
IPf^tr^ycffpic , fl^fdlt? tf V^ f. ffftfl 
(chlorosulphates), .^(30301)2 [M » Cr, Mn, Fe, Co, Mi 
and Cu] 
The magnetic sutct^tibi l i ty measurements and 
electronic spectroscopic studies of a l l the metal chloro-
sulphates unambiguously suggest that they have an octa-
hedral atmictiire excepting the nickel sa l t wrhere a tetra-
gonal distortion in the geemotry has been indicated. The 
ligand f ie ld parameters Dg^  B and H wherever possible have 
been evaluated* The results of these findings may be 
described in the following few paragraphs. 
The observed magnetic moment for Mn(ll) bis 
(chlorosulphate) i s 5.93 B.M* which i s nearly the tame as 
the •r:in«>only moment 9*92 B«M» for an octahedral d^  system* 
t 69 t 
This obtcrvfttion indicates that th« cxpectad ground ttat« 
i s A^^ ^ with « fTo orbital in<»B«nt contribution. The 
tronic tptctrum contained bands(Tabl»»3) assignable to the 
charge transfer as well as those arising from the ligand 
f ie ld transitions. The observed ligand f ie ld transitions 
described as <— <— A^^ ^ are 
characteristic of the octahedral geometry for the d^  system. 
Using these transitions on the appropriate Tanabe-lugano 
diagram, the magnitude of 10 Dq and B have been evaluated 
to be 8,878 cm*^  and 772 cm"^  respectively. Using the 
magnitude of 8 for the free ion, the ^ value comes out to 
be 0.80 which apparently indicates the tendency of suff i -
cient covalency in this molecule. 
The observed magnetic moment of Co(30^Cl)^ i s con-
sistent with an octahedral geometry of the molecule^^*^^^. 
The octahedral geometry i s supported from the observed 
bands in i t s electronic spectrum. The free Co(II) ion has 
4 4 
the ground tern F with a P term lying at a higher energy 
state. These states in the influence of octahedral crystal 
f ie ld spl i t into %g(F ) wd 
respectively. Hencet three spin allowed transitions from 
ground term may be expected, <— ^^ Ig^ *^ ^ ( 
^ ( -O3) and (O^). 
It ha I been reported that of these three spin allowed 
I 70 • 
trantitions only two i . e . , O^ gcneralXy 
ebt«rv*d. The third ll^and f ie ld band corresponding to 
the transition ® trant-
fer and i s usually o b s e r v e d ^ i f at a l l» as a weak 
band in the spectra of Co(II) complexes* The ligand f ie ld 
spectrum of the cobalt bis(chloro8ulphate) exhibits a 
principal band at 18»868 cm with a shoulder at 20,202 cm 
similar to that reported^ '^^ ®*^ for Its fluorosulphate-
analogue* Assuming the octahedral environment of the 
ligand about Co^ **"* the band at 18«866 cm*^  may be assigned 
to '^'^ig(P) ^— ^^Ig^^^ ^ transition. The appearance of 
the shoulder in the main band has been rationalized^^^ as a 
common feature of the spectra of the Co(ll} complex* and 
has been assigned to an enhanced spin*forbidden transition* 
The band reported at 13»500 cm*^  and designated as 
2 4 7 
g transition by Edwards and coworkers for 
this salt has not been observed in the present spectrum. 
The absorfition characteristic of 4—• (O^) 
transition in the region 6,000-7,000 cm*^  
could net be recorded as i t was beyond the range of the 
InatiuMient* 
The observed magnetic moment for Nl(303Cl)2 i s 
someifhat higher from the thooretically expeetod value of 
2*83 B*ll« The magnltudo i s , however, comparable to those 
t 7 1 t 
for a v«rl«ty ©f tlx €oordifi«t«<i Ni( l l ) 
conpl«x«t« Th« Increase in aa^netie moaent over th# •pin-
only valua haa baan aaeribad^^^'^^^ to an orbital contri« 
bution arising from apin-orbit couplino batwaen tha 9roun<i 
atata and tha excitad atata* Tha alaetronic apactrum* how* 
119 
avpr, ahowa tha bands that ara expactad**^ for a tatrago-
nally distorted octahedral eonplex* Tha poaition of tha two 
well resolved li^snd f ie ld bands are at 15,873 and at 
27,000 cm*"^ . The former band i s characteristic of tha 3 ^ Eg(F)4—''Bj^ ^ transition whereas th^ latter »ay reaaonably 
be assigned to —^B^^ as well as — 
7 
transitions. However, Edwarda and coworkers have suggested 
a regular octahedral geometry for this salt on the basis of 
tha appearance of banda at 12,300 cr*^ and 23,2!K) cn"^ 
characteristic of — a n d — t r a n s i -
tions raspactivaly in the reflectance apectrun. This i s how-
•var contrary to the preaant obaervation* The analogoua 
liiCSO^F}^ aaXt haa alao been ahown^ ^^  to have a tatraaonally 
diatertad octahadral structure. 
Ttia •btarvad magnetic moments of and 
Cr(30301)2 aaitt ara consiatant with an eetahadral 
geometry for thato molaeulaa* The diffused raflaetanco 
apactrum of tha fomor could not be helpful in aacartaining 
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C9nt«r«dl at 31,290 The w«ak band ebs*rvad at 
for Cr(S03Cl)2 salt i s howavar, aaalgnabla to 
the transition charactarlstic of th« octahedral 2g g 
•nvironmant around the aiatal Ion* 
The observed nagnetlc moment and the electronic 
spectrum of the Cu(S0;jCl}2 indicate an octahedral geometry 
of the molecule. 
The extent to which a cc^ apound undergoes ditsoci-
ation into ions in coordinating aolvents depends on factors 
such as solvent coordinating strength, dielectric constant, 
the solvation energies of the ions produced end the coordi* 
nating strength of the anion towards the metal ion* Methyl 
cyanide hat been shown to be a suitable solvent for conduc-
tance measiirtment studies of the electrolytes owing to the 
fact that i t s dielectric constant i s sufficiently large to 
support ionic dissociation of the compounds* The electr ical 
conductivities of the methyl cyanide solutions of the metal 
bis(chlorosulphates) prepared in the present work have been 
meaaured in an effort to assess the extent to which they 
undorgo ionic disaociation in this solvent and to look for 
posaible correlation with anion coordinating atrength* The 
I 75 • 
Bolar eonductlvitifft of 1 mM solutions of thest eonpeunds 
hdv* shewm In Tht obtsrv»d nagnitud«s which 
l i e In the 25-66 range are not only below 
the t '^ical 2 i l electrolytes which generally have the con-
O f t 
ductivities in 140-220 cm mole* ohm range but are also 
below the range of a typical I t l electrolytes (100 - 160 
cra^ mole^ ^ohm"^ ) which are reported^®'^^ to be completely 
ionized in this solvent. The low conductivity of the metal 
bis(chlorosulphates) might be due to the dipolar nature of 
the chlorosulphate anion which would favour ion-pair forma-
tion in the solution. This indicates that fM(MeCN)4('503Cl)j,] 
may be an important species in the solution. The electrical 
conductivity data therefore, supnort the i . r . spectral 
findings in that the anion chlorosulphate ion, i s coordi-
nated to the met4l ions. 
It nay, therefore* reasonably be concluded on the 
basis of the present studies that in the present metal bis 
(chlorotulphates), the chlorosulphate group acts as a t r i -
dentate ligand maintaining the hexacoordination of the metal 
ions and the iMdt of coordination i s apparently non^identieaX 
in nature, unlike that reported for Group Il-B metal bis 
99 
(chloroaulphates) t where a l l the three basic oxygen atoms 
are shown to be coordinated in an equivalent manner. The 
geometry of these oalts may be visualized as shown in Fig.-5* 
.0 




CHAPTER - IV 
TH'- COORiJlMATING CH/hACTEnlSTIC OF CHL0K05ULPHATE ANION ».ITH 
COMPLEX CATIONS - SYNTHE>13 ANJ CHAh.ACTEUlZATlON OF THE 
COMPLEXES OF TH-'\NS1T10H METAL B1S(CHL0R03ULPHATES) 
• 77 t 
Th« anient SO"^  afid SO^ F* are capabl* of 
acting at coordinating Uganda through one or more batlc 
oxygen atoiat to the metal The chlorotul-
phate Ion which It the anion of a ttrong acid, HiO^Cl, la 
weakly batlc and therefore* hat a poor coordinating abi l i ty 
as compared with atrongly batlc organic moletlea. Recently 
QO 
In this laboratory It hat been thown that In the adducta 
of the Group II-B metal chlorosulphates with organic bases, 
the IIO C^l* ion Is contlderably coordinated. It was there-
fore considered of Interest to Inveatigate the coordinating 
characterlttlct of the ^O^Cl* Ion in th^ transition metal 
complexes with llgands having atrongly batlc donor s i tes . 
This chapter deterIbet the preparation and characterization 
of the coaiplexet of a few transition metal blt(chlorotul-
phatet}* MSO^CX)^ fM « Cx, ««n, Fe, Co, Hi and Cu] with 
orgmlc batea namely* pyridine, pyridine N-oxlde, methyl 
cyanldo, 2,2*.blpyrldlne and acrldlne with a view to exmln* 
Ing their ttorooehemlttry and the extent of coordination of 
the anion to the eonplex eatlona. 
I 78 • 
All th« • • ta l blt(chlorotulphat«s) w»r« obtained 
according to the mothoda described In th» precaadlng 
chaptar* 
Methyl cyanide (BDH) and pyridine (E. Merck) were 
used after drying over calclun hydride followed by d l s t l l l a* 
tlon, 2,2*-blpyrldlne (w,p.70®C), acrldlne (m,p.llO®C) and 
pyridine N*oxlde (a l l BDH) were conmerclally pure sanplet 
and were used as received. 
The complexes woro synthesized by reacting aethyl 
cyanide solutions of the appropriate isetal chlorosulphatos 
with an oxeoss of ligand, A detailed description of the 
preparation i s given below i 
•) ^YnttMnli ftf ttteili4t(PYyl4^nf? MtUl i W m m m l -
phates» MCpyj^ CsOjCl)^  Cm » C t^ Mn, Pe, Co, Ni and Gu] 
The onhydrotts aotal chlorosulphatos (0«09 Mol) 
woro dissolvod in 20 a l of boiling aothyl eyanido takon ill 
I 7 9 • 
8 elos«d r««etion vtts« l and an •xcatt (0.50 Mel) of hot 
pyrldlfia toXutlon in aathyl cyanlda was add«d. On coolin? 
crytta l l lne solid eonpoundt wera imnadiataly taparatad «ut 
of tha solution which wara f i l tarad in a closad f i l terat ion 
8 
assarably , waahad with mathyl eyanidat dry athar and f ina l ly 
driad under vacuum. 
b) syf^^ff^i fff (n) 
chlorosulphatasy MCpyNOj^ jSOgCpg [M • Cr, Mn, Fa» 
Hi and Cu] 
An axcass of pyridine N«oxid«> (0,50 Mol) in boil-
ing nathyl cyanida was addad to individual hot matal chloro-
sulphata solution (0.05 Mol) tak^n in nathyl cyanida and 
allowad to cool at room tamperstura. The crystall ine solid 
compound thus formed was isolated in the manner discussed 
in the praeeadin^ case. 
« ) ^YflUntili ftf I t W (U) 
chlorotnlphatt^ i«(lMieCN)4(S03Cl)^  ju » Cr, Mn, ra» 
Co» Ni Mid Cu] 
The hot concentrated (0*1 Mol) solution of metal 
chlorotulphates in methyl cyanide ( ^ 20 ml) was abruptly 
cooled below room temperature which resulted in the 
t 80 t 
••paration •t crytt« l l i f i« solid conpoundt out of th« tolu* 
tion* Th««« solIds woro Inntdiatoly i«olat«d undor anhyd* 
rout condition* «t dl«eu«t«d abovo. 
d) ^YR^httil 9f Wtlifl, (I?? fhlfffffttMl* 
phataty MCbipyjgCsOgCp f^M » Cr» Mn» Fe, Ce» Nl and Cu] 
Anhydrout metal chloroaulph«t«9 (0.05 Mol) wara 
dlstolvad in 20 ml of boiling mathyl cyanida in a clotad 
vassal and an axcass (0,5 Mol) of hot 2,2*-bipy7idlna solu« 
tion in mathyl cyanida (20 nl ) was addad. On coolingi tha 
solution to roOTi tmiioaratura, solid corapounds wara iamadia* 
taly saparatad out of tha solution which wara f i l t a rad , 
waahad with dry athar and f ina l ly driad undar vacuum, 
•> §Yntintf4i H i l r n n m f } (II) 
Cm * Cr, Fa» Co, Ni and Cu) 
A aoliition of tha aatal chlorosulphatas (0.0& Mol) 
in boiliii9 ••thyl tymlda «rat aliiad with an aii€aat(0.90 Mol) 
•olution of atridina In hmllliia aathyl cyanida* Tha mixtura 
was allowad to cool at roo« tasp«ratiira» Tha erystal l if ia 
solid compound thus foxmad was vacuum f i l tarad and isolatad 
in tha mannar daacr iM abmva* 
t 8 i t 
OifwlnA tnilYtft 
The elmnwtBl an«lysit for sulphur and chlorine 
wore don« gravinotrieally according to the aatabliahod 
aothods^^^. The metala Cr» Mn» Fe, Co, Ui and Cu were 
102 
analysed by carrying out conplexoraetric t itrat ions with 
E.D.T.A, using Eriochroae Black T/PAN indicators. The 
results of the analyses for the el«ni«nts carbon» hydrogen 
and nitrogen were obtained directly from the tticro-analyti* 
cal laboratories. 
t 82 t 
Tlie r«tult« of tleiRffntil «n«ly««« •U99«tt that th» 
pyridine, pyridinv N>oxid« and methyl cyanide conplaxas of 
the metal bia(chloroaulphatet) are formed in a l t4 metal to 
organic ligand rat io (Table-4) giving th€ stoichiometry of 
the complexes at ML^ CSO^ CD^ t ^whereat the 2,2*>»bipyridlne 
and acridine complexes are foiled in lt2 metal to organic 
ligand ratio (Table*4) consistent with the composition as 
ML^ CSO C^I}^ . Two chlorosulphate ions being coordinated in 
each type of the complexes. 
As these complexes were not soluble in usual 
aprotic solventsf the molar conductance values could not be 
determined. The coi^olexes have been further characterixed 
employing i . r . spectral^ magnetic susceptibility measurements 
and oloctronic spectroscopic studies with a view to investi-
gating their structure as well as to examining the mode of 
bonding of the anion with the complex cation* 
Tho frequencies observed in the i*r* spectra of 
those comploxot provide ample ovidonce that the ehlorotul-
phato group i t tuffieiontly coordinated to the eowplox 
cations. The i . r . spectre of the complexes show well re-
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I 85 • 
fr«qu«neitt eharacUrlttie of th« chlorosulphat« aroup at 
wall aa thoaa arising from eoordinatael li^and molaculta. It 
ia apparant from tha (Tablaa 5*9) that the poaition of 
band i s hlghar aa compared to that raportad® for tha 
ionic CaSO^Cl, and i s comparabla to that observed for tha 
corresponding matal bis(chlorosulphatas) (Tablao2). Tha poai-
tion of the band, tharafora, l i a s in tha fraquancy ranga con* 
sistant with tha axistanca of tha covalant bonding batwaan 
the chloroaulphate group and the metal iona« The obaervad 
aplitting in the doubly degenerate modes further substantiates 
the above argument and indicates that in these complexes the 
symmetry of the anion i s lowered to a reduced C^  ayimaetry. The 
doubling of the non-degenerate band in the acridine 
complexes probably arises from the interaction between non-
equivalent aitaa aimilar to that reported^ in acridine comp-
laxea of Zn(II}» C<i(XI) and Hgdl) bi a (chlero sulpha tea). The 
poaaibility of the coupling between equivalent aniona in the 
crystal l a t t iea raaulting in the splitting of this band may 
not be ruled out* 
Tha fvaquancias eharaetariatics of the coordinatad 
ligand aolacuiaa may ba br ief ly diaeuaaad in the following 
paragr^hs t 
Tha fraa pyritfina •olacula axhibita th^aa important 
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I 87 • 
dcfomatlont) apptarin? »t 601 and 1578 ewT^  rctpMtivtly^? 
whil« th» 16b vibration (oyt-»of«plan« ring d«fosm«tlon) i t 
obt*rv«d at 403 cai'* .^ It has bean indieatad^^*^^ that tha 
petitiona of tha two lowar banda axa vary tantit iva and 
undargo a poaitiva ahift aftar coordination* Tha ma^nituda 
of tha poaitive ahift i t raportad^^ to be a function of tha 
ataraochamiatry and tha nature of the metal iona* It ia 
evident from Tabla-5 that a l l the three ring vibration banda 
are aufficiently poaitively shifted suggeatin^ the coordina* 
tion of pyridine to the metal iona. The appearance of the 
doubling of the 8a mode may probably be due either to the 
intermoleeular or intramolecular interactions of the diffe-
rent pyridine molecules in the crystal l a t t i ce . 
114 
The free pyridine N-o*ida thowa atrong abaorp-
tion at 1243 em'"^  characteriatic of the ''^ N-O atratehing 
fraquaney. I t haa been that tha fraqueney of 
tha IM> band undargoet a negative ahift in the divalent 
natal oaaploxoa indieating coordination through oxygon of 
the N-O group* I t ia apparent from Table-6 that in a l l the 
pyridine N^oxido conploxot of natal bit(ehloroauXphatat) tho 
Am) band appears at about 1210 cm"^  Indicating a negative 
ahift of 35 en"*^ * Tho band of nediun intonaity obtorvod 
in the 360-390 en**^  region may be due to metal-ligand 
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I 89 • 
ulutMtoiiatol* in vi«w of th* rcport^^^ that in • largt mnb^r 
of pyridino IMixido eoapltxot with divaXont tranaition aotal 
ionof tha band appaara in tha 375-39C en"^ ragion* Tha 
obaarvad ahowa tha anticipatad tranda 
in agremant with tha Irving-williaaa orda* . 
The mathyl cyanida nolecuia which balon^a to tha 
point group C^ showa aight normal aodaa of vibrationa'^^. 
Of thesa four balong to tha daganarata E aoda* It haa baan 
indicated that thia molecule nay coordinate through the 
nitrogen atom^^®^ as wall aa via the tr iple bond^ .^ Tha 
position of a l l the characteristic vibrations arc* consider-
ably affected when nethyl cyanide ia coordinated to the 
metal iona« However» a poaitiva shift in the stretch-
ing frequency has been concluded to be diagnostic for i t s 
coordination through nitrogen atom. It ia apparent from 
Tabla-7 that a l l the methyl cyanide coa^ l^exaa of metal bia 
(ehloi-oaulphataa) ahow a conaidarabla poaitiva ahift in 
n i t r i i a (•GiN} vibration confirming complaxation through tha 
nltrogan atoK* Tha magnitude of tha poaitiva ahift in tha 
n i t r i l a fraquaney (AvXiCarfi) obaarvad for tha praaant eomp* 
laxaa can ba ctiralaiad to tha bonding abi l i ty of tha matal 
iona to tha Uganda and tha methyl cyanida eoordinatad to tha 
maUl iona can ba arrangad in an alactronagativity aariea^^ 
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In fr«« 2»2'«blpyrldifi*« th* out->of*pl«ii« ring 
d«foxaiatidn 16b vibration oecurt at about 402 Oi**^  and 
Indiana ring dofomatlon 6 a and 8a aro obtorvod at 619 
«»1 57 and 1590 cn rotpoctlvoly • It has boon tuggottod that 
tho two lowor froquoncy bands aro twntitivo* undorgolng a 
poaltivo shift on coordination to tho metals. As expected 
57 99 
froB tho previous reports ' • the bipyridine CMiplexes in 
tho present cases too» exhibit considerable positive shift 
(Table->8} of the ring vibrations* 
The free acridine shows two strong bands at 
1515 oa**^  and 1555 cn*^attributable to the CmC and C«M 
stretching vibrations which are shifted to higher wave 
nuaber if the ligand is coordinated through the nitrogen 
atom* In the present acridine conplexoo a considerable 
positive shift (Table*9) of these bands has been recorded 
s i s i l a r to that roported^®*^^ in Sn(XV) and Qo(IV} halide 
•dduets* This positive shift in these bands directly 
intfitato tho eoordination of the acridine noleeules with 
tho aotol ioAo. 
I 9 4 I 
MtrntUf ffttffffg^llAUltY nffffiffiifflU fN t i f f t r f f i l f 
tD*ctro«cepic •tudi«a on PYgidlw. pvridlw N«oiiid#. 
It i s inttr«ttlng to note that thc> 9«ois«try of tho 
complexos i s identical to that of the corresponding metal 
bis(ehlorotulph«tes) as i s Indicated from the results of 
the nagnetic susceptibility and ligand f ie ld spectroscopic 
studies. These findings nay br ief ly be discussed in the 
following few paragraphs t 
The observed aagnetic moments for a l l the chromium 
complexes (Table-lO) indicate a high-^>in octahedral struc-
ture. This has been further confizmed by the observed weak 
band in the 14,700-15*300 region assignable to 
< E^^  transition characteristic the octahedral d^  
system. 
I t i s evident from Table-11 that the obsorvod 
magnitude of magnetic moments for the complexes of Mn(XI} 
salt i s quite consistent with the expected octahedral 
environment around the metal ion* The electronic spoctra 
of these complexos exhibit the strong charge transfer bands 
as well as the woak bands which may reasonably be assigned 
to the transitions A^j^ ^ and ^Tj^ ^(a) 4 A^^ ^ 
t 95 I 
m u - Aft, 
Magnetic 3ute»ptibil ity and Electronic Spectral Valuet for tho 
Complexes of Chroaium SlsCchlorosulphate}, 
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t 9 8 I 
eharaeitr l t t le of th* octahedral geoMotry for Mii(II) ayaton* 
Thoaa tranaltiona havo baon un^d on tha appropriata Tuiabo* 
Sugano dlagnram to avaXuate th« magnitudes of 10 Dq and of 
tha parameter a B and 
The magnetic mcmenta aa well as the llgand f ie ld 
spectra of Fe(II) complexes (Table-12) are In agreement 
with an octahedral geometry for these complexes. 
The observed magnetic moments and the llgand f ie ld 
apectra of a l l the complexes of Co(Il) salt are (Table-13) 
similar to that observed for the cobalt bls(chlorosulphate) 
suggesting an octahedral array of llgands around the metal 
ions. The spectra consist of a principal band in the range 
19t230 to 19,600 ca"^ characteristic of <— 
tranaltion with a shoulder at about 20,70C) cm*^  similar to 
that obaerved for cobalt bls(chlorosulphate}« The magnetic 
moment data alao support the proposed geometry* 
Tha obaorved magnetic moments (Table*14} for the 
107,108 
present nickel complexes are comparable to those roporttd 
for a variety of six coordinate Nl(Xl) complexes* However, 
the observed llgand f ie ld bands (Table-14) for a l l the comp* 
lexea arnggest a tetiragonally distorted octahedral atructure 
ainl lar to that observed for the NlOOjCl)^ aa l t . 
t 9 9 I 
Magnetic Susceptibility and Elactronic Spectral Valuat for 
tha Conplaxat of Iron Bit(chloroaulphato). 
^Mff a u Enargiaa of Compounda aff.B.M, Maxima 
F«(py)4(303Cl)2 5.67 28,571 
FeCpyNO^C^OgCl)^  5.62 31,250 
Fa(Maa4)4(S03Cl>2 5.58 30,303 
Fa(l>p)2(S03Cl)2 5.68 28,985 
Fo(aer)2(903Cl)2 5.61 27,777 
I 1 0 0 t 
M«9ii*tie Sutctpi ibi l i ty and EX«ctrofiic Spectral V«lu«« for tha 
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t 1 0 1 I 
TAIIrB - l i 
M««ii«tic Su«e«ptibility and Elactrenlc Sp«etr«l Valuta for tha 
Caa^lasaa 9f Nickal Bia(chloroaulphata}. 
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t I 0 2 t 
M«9li*tle 3ute«y>tibillty and El«ctrofil€ Sp«ctr«l Value for th« 
Co«pl«x«t of Copper ilt(ehleretulphata). 
CoBpoundt ^•ff.B.M. Atalgnraantt 10 Dq 
Maxisa (twT^) 
icwT^) 
C«(py)^(30301)3 1.83 39,216 ^harga Tranafr 
VM. f I t 
13,249 '29 •Eg 13,245 









'29 Eg 13,698 










t 1 0 3 I 
Th* aa«ii*ti€ mmwt valit«« imtf th# potitioii of th* 
bands (T«lil«->1»} in tht •Itetrenlc spactra of a l l tha Cu(ZZ) 
eonpXaxaa unaaliigiioualy auggaat tha ociahadral gaanatry of 
thaaa Melaeulaa« 
Tha raaulta of the magnatlc auacaptibiXity saaaura-
mania and the banda obsarvad In the aJLactronic apoctra of 
tha complaxaa of natal bia(chloroaulphataa} M(S03Cl)2CM«Cr» 
Mn» Fe» Co and Cu] aunmarizad In Tables 1D»13 and 15 are 
reasonably consistent with the octahedral geoaetry of theae 
conpounda excepting* the Ni(ll} eonplaxaa which has a tetra* 
gonally distorted octahedral structure (Tabla«>14)* The pre-
sent investigations indicates that in cosiplexea too* the 
chloroaulphate group i s coordinated to the cosiplex cationa 
aa uni aa wall aa bidantata Uganda maintaining the hexa-
coordination around the »ata l iona* The present data help 



























CHAPTER > V 
BEHAVIOUR OF ORGAMOTELLURlUMdV) DEHLVATIVRS IN CHLOi-.OSULPHUhIC 
ACID-SYNTHESIS AND CH^ ACTBaZATION OF a-OlMETHYL A^]D ««DIETHYL 
TELLUhlUM OICHLOHOSULI HATES AND BIS(JIMETHYL TELLUhlJE) M(II) 
CHLQhOSULPHATES, M[(CH3)2T«]2(S03C1)2 [M - Co, Ni, Cu, Zn] 
t lOS t 
I t i t w«Xl known that tvlluriun •xhibitt • wid« 
variety of fosaal oxidation atatos. The 42 and -f'4 atataa ar« 
tha two aioat coamon oxidation atatea in talluriun ehaniatry. 
Th« coordination ch«aiatry of Ta(XI) at wail as of Ta(XV) at 
a Lawit acid haa now baan takan up by a faw workara^^^**^® 
for dataiiad invaatigationa* Aithough tha coordination 
chaniatry of iiganda containing haaviar Group V«>A donor 
1 2 9 lao 1 3 1 - 1 3 3 atoMa as wall aa of aulphur and aalanium Uganda 
haa baan widely invaatigatad, the analogous chemiatry of 
talluriun Uganda i t not much axplorad^^^'^^^"^^^. Thit haa 
puraly baan due to the lack of conaercial avai labi l i ty of a 
wida variaty of organotallurium Uganda aa compared to» for 
axanplOf organophoaphinat. Although tha f i r a t organotallu-
riuB compound (C2H )^2Ta waa prepared in interaat 
in thia aubjeet haa ateadily increaaod ainca In the 
paat few yeara the ehamiatry of organotollurium eonpoundt 
haa becoM the aubjeet of eonaiderable the 
areaa of roeent aaphaaia being telluriiai heterocyclea^^'^ and 
coordinated eoiaploxea with t e l l u r iw lifMida^'^, 
It haa been that almoat a l l of theae 
•rganoteiliirium halidea exhibit lew etfnductivity in methyl 
cyanide and methanol indicating that they are non-electro-
t 1 0 6 I 
l y t i c in iiatiar*. Th« study of th« bohaviour of organotollii-
riuM dtrivativst In non-aqutous strongly seldie ioniting 
solvonts has not so far boon tskon up by any workor* Thoro 
art howsvort raport* that tha analogous organoaulphur and 
salanlun halldos undargo ionltatlon in liquid hydrogan 
chlorida*^®, disulphuric acid^^' and fluorosulphuric acid^^ 
rasulting in tha foxmation of the stabla cationic apaeias in 
tha solution. It waa raportad^^ by Eobinaon and Ciruna that 
Ta(IV) chlorida ionizas in ehlorosulphuric acid yielding 
TaCl^  cation which exists aa a atabla entity in the solution* 
It was therefore* considered of interest to carry out a 
systematic investigations on the behaviour of a few organo-
Te(IV) derivatives e .g . , 
C^H^TaClg, (C^Hj^ )2TeCl2, p-HOC^H^TaClg, p-CHgOC^ H T^eClg and 
* ^^^ ^^  axasiining the node and extant 
of their ionixation and the poaaibla fomation and atabil ixa-
tion of novel typos of cationic spaeiea i f formed in the 
solution* 
The halogaR darivativaa of the Rj^*^ " 
or aryli X - 1, Br, CI) series are quite well known^^^®** 
I t has boon ahoim^^^ that tha M-iaaaitf of those dorivativoa 
are non-polar in nature having a aovalant atrueture whereas 
tha oxygon tontainiiig radioala iiko N90^ and MO^  aubatitiitod 
for *X« roottlt in MapomMta txhlbitiiig a typical polar 
t 107 I 
n«tur«* {l«€*ntlyf fxm this laboratory quit* a utiMbor of 
motal blt(chlorotulphatot) » oxyehloroaulphatot ^ ^ aa wall 
aa SA(Z1} and Pb(II) ehloroaulphataa^^'^^ hava boan raportad. 
Ufiilka the corraapondiiig natal halidaa* aulphataa and 
nitrataa» cation«>afiion intaractlon in thaaa natal chloroaul* 
phatai la larga anough to Indieata a conaidarabla degraa of 
covalent bonding. It waa alao of intaraat to undartaka tha 
aynthaaia of a faw chloroaulphata darivatlvea of tha abov? 
nantioned aariaa with a viaw to axamlnlng tha natura of thaaa 
conpounda aa wall aa to conpara tha noda of llnkaga of SO C^l 
group \ 
parta. 
with thoaa raportad^^^ for tha HSO^  and NOj countar* 
The aynthaaaa of and tha phyaico«>chanlcal atudlaa 
on a noval aariaa of coiapounda charactarizad aa blaCdlnathyl 
tal lurida) M(1I} chloroaulphataa, r(CH3)2Ta]2M(S03Cl}2CM«Co, 
Nl» Cu and Zn] hava alao baan undartakan in thia projact* 
t l o t I 
r m m m m m^ M I R I W I P Y * 9F 
Pur* ehlesotuXphuric tcid (Ri*«l«l} wet ut«d at 
r«c«ivcd whtreat n«thyl cyanidc, diethyl •th«r, chloroform 
and petrolaun othor woro ut#d «ft«r purification. Th« 
reagenta tallurium powdar* talluriun tatrachlorid«t tatra* 
phanyl t in, toluana* phanol» phanatol and aniaole (All BDK) 
wara usad at racalvad. Tha ac-tCHg)^!*!^, 
(C^H )^2TaCl2, C^H^TaClg, p-HOC^H T^aClg, p-CHgOC^H^TaClj and 
wara aynthaaizad according to tha raportad 
wathodf^^*^^^*^®^^^®, which may ba briafly discussad as 
following t 
Synthaaia of ««»Qimathyltallurium di-iodida C(CH3)gTaIg3 
A mlxtura of powdarad tallurlua (29 gm) and mathyl 
iodida (60 gm) waa takan in a 100 ml round bottomad ^laak 
whoaa naek waa soalad* Tha raaction mixtura waa haatad on 
a watar bath for about 90 houra at OO^ C tamporatura* Tha 
nook of tha flaak waa than brokan into a mortar and tha 
brittla» rod* maaa waa finaly powdorad and oxtraetad with 
chloroform. Tha unroactod tolliirium waa filtorod off. Thia 
aolution gava tha taparation of brown colorod ahining cryatala 
on koaping for a faw hours which woro fi ltartd off* waahad 
with chlorofoim and driad* Tho roaction may bo givan aa 
t lOf I 
Tt • 2CK3I ™ ^ » (CH3)2T«l2 (84) 
Anal. CaUd. t9x ' 31.01, 
Found t C, 5*71» H» 1*44| Te, d0.96| yield, 659^ 1 n.p.m^C. 
3ynth»iit of g*Di#thyXUllurlu» dt»iodld» [(C^H^j^Tal^l 
20 of Mioirphout tolluriiM was h«at«d with 90 gm 
of athyX iodido in a taalod flask for about 60 hours* Th# 
htating of th# aixturs was don# on a water bath at 0D»85®C. 
Th(» product thus fomad has baan isolated in the same Banner 
as the methyl<-analo9ue« 
Te • aCjHjI ^ ^ ^ ^ ) (C2H5)2Tol2 (87) 
Anal* Calcd. for C^H^^ Tel^  t C, 10«92| H, 2.30| To, 29.03* 
Found t C, 10,61| H, 2*34| Te» 29*31| yield, 
Syiiihooit of yhonyltolluriuM trithlorido CC^HaToCla] 
An o^ia^lar alMtyro of totraptionyl tin and tollu-
riua totTMhlirido waa ativYod in toluono for 1*2 houra at 
VMM tasporatiiro* A dull nliito prtei4»it«to aoparatod out 
which was filtorodt waoiiod with toluono and driod* Tha 
•ryatai l i tat ion w«a dono fra« a l i l Mixturo of «othyl eyanido* 
totracliior^otiMHko. 
t no I 
Anal. Ctlcd. for C^ H T^^ Clg i C, 23,13| H, Jl,61| CI, 34,23| 
Te, 41,03. Found t C, 23.21i H, 1.70} CI, 34.46} 40.00} 
yi« ld, 90j<} ffl.p.l83®C, 
Synthtsis of Dlphcnylt»lluriuia dlchlorld» 
An «qulniolar mixture of tetr«ph«>nyi tin and te l lu-
rium t«trachloride was r«»fluxed In toluene for about 3 hours. 
Th« Insoluble portion was ramoved after f i l terat lon and the 
soluble portion was reduced to ^ 10 n l . The addition of 
petroleum ether (40-60®C) to i t caused precipitation of 
white needle shaped crystals of (C^H5)2TeCl2. 
Anal. C«lcd« for Cj^H^TaCl^ t C, 40»84| H, 2.84| 01, 20.14| 
Te, 36a8« Found i C, 40.67| H, 2.90| CI, 20«35| Te, 36«11| 
yield, 729<t s .p .m^C. 
t in t 
Simth<«i« of p«Hv<tr»itvphtivi Ullw^lm t3PUhiorl<f 
fp-HOC^H^TtClg] 
5 gn of ttlluiriiim totrachlorldo wat refluxod with 
7*2 gm of phtnol In dry chloroform for about 3 houra* Tho 
hydrogon chlorlda gas avolvod vigorously and th« condtnsa* 
tlon product dapositod was isolatad aa a crystal l lna solid* 
CHCl, 
"ro'fi'ux • HCl (90) 
Anal. Calcd* for p-HDC^ H 7^aCl3 t C» 22.08| H, 1.24t Cl,32.63| 
Te, 39.14. Found t C, 21.96| H» 1.28$ CI, 33.10} To, 39.03| 
yia ld , 70j<. 
rp-CH30C^H^ToCl33 
Tolluriun totraehlorldo (2 gm) was rofluxad with 
aniiolo (2»4 gn) and dry chloroform ( 3 0 c . c . ) for 2 hours* 
Tlio •ixtMrt bocaso yollowiah*rod ovan in tha eold eonditiona 
but on waming* hydrogon chlorido gas ovolvod vigorously and 
tha eondonaatioR product cryatall ixad in the font of yollow 
noodloa* 
OCl. 
• TaCl4 » P-CHjOC^H^TaClj • HCl (91) 
t l U t 
Altai. CaUd* for I 24«60| H» 2.05% 
Cl» 31.201 Tt, 37*40. Found t C» 24.9l| H, 2.09t CI, 32.01| 
Ta, 37.131 yialdt 77^| 
Teliurliim tatrachlorlda (12 9m} was refluxed with 
phenetol (17 gn) In dry ehloroforai ( ~ 75 c . c . ) for about 
2 hours. Th« hydro^an ehlorlde gas avolvad and tha product 
dapositad as shining* yallow crystals on the surfaca of tha 
reaction vassal during heating which wara raaiovad after a 
day, washed with a isinimuai amount of cold chloroform and 
dried. 
CHCl-
• raliSic > ^ ^ ^ 
Anal. Caled. for p-C2H50C^H4T«Cl3 t C» 27«04| H* 2.56| 
Cl» 29*fit To, Found t C, 26.91| H« 2*$l| CI, 30.09| 
To, y ioU, 909(| «,p.l83^C. 
LYIIIFTNLI FR F^IHFIHYI «I<II T F L M L N <ILFNIFTIRR" 
•wlphatoa RgToCSOgCDg [R * CH ,^ C^H ]^ 
A eonoontratod toltttiMi of tho organoiollitritai di* 
iodido waa p^aparod in 10 «1 of ehloroaulpliujrie acid. Tho 
I 1 1 3 t 
•oivtlMi w«« M9fi«Ueftliy •tirr*dl in • elot^d syttta for an 
hour at toom iaitparatura* Tha raaulting viscous solution 
was slowly addad dropwisa in 100 oil of ehilled dry athar with 
machanical shaking. Tha brown colorad crystal l ina solids 
wara iamadiataly saparatad out of the solution which wara 
vacuum f i l terad , washad saveral time with dry ether and 
f ina l ly dried under vacuum at room temperature to a constant 
weight. 
[(CH3)^Ta3^(H)(30301)^ [Ml « Go> Mi, Cu and Zn] 
Tha anhydrous metal chlorosulphate { 0.03 Mol ) 
dissolved in 20 ml of methyl cyanide was gradually addad to 
an excess (0.25 Mol) of hot a*dimethyl tellurium di-iodida 
in a closed reaction vessel. The reaction mix^ras ware 
thoroughly stirred for days followed by heating at about 
which rasiiltad in the separation of solid compounds out 
of tha aolutiona* Tha eampounds ware fi ltared* washed with 
•ethyl eyanida» dry athar and f ina l l y dried under vatuum, 
^nul f i j j iHtlTtfi 
Tha alasiantal analyaia for carbon and hydrogen ware 
obtained directly t tm tha miero^analytical laboratories 
while tha olamanta aulphttr and ahloriAa ware aatiaatad gravi* 
t 1 1 4 I 
Th* « « t a l s Co^  Ni, Cu and Zn w«r« «ialyt«d 
by carrying out eonplaxoaiatrlc t l t rat lons^^ with E.O«T«A« 
ualng Erloehrona Black T/PAN Indicators. Tollurluni waa 
IRQ aatlmatad according to the aatabllshed*^ mathod. 
t t 
Sptcifie eonductane« of solutions of potassiun chiorido in 
ehlorosulphuric «cld at 
Experlnsnt-1 t 37.90 gm of ehlorosulphurlc acid In i t i a l l y 












ExperliB«nt-2 t 41.375 gm of chlorosulphurlc acid In i t i a l l y 
takon as solvent. 





u m i 2.982 
2.440 3.913 
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Sp«€ifie cenductMie* of •olution* of o^diiiothyi iollurltw 
di*io<iiil« in chXorosulphuric acid at 
Exparinent*-! i 47*070 gm of ehloroaul{>liuric acid i n i t i a l l y 












Exparlaont-2 t 50,541 qm of chloz-oaulphuric acid i n i t i a l l y 











t U 7 I 
Caltulatiofi for th« el»t«niln«tion of th« basic ionliatlefi 
eonstant (K )^ of th« part ia l ly ioiiitlfi9 aelvdlyt»<l apaciat 
«*(CH3}2Ta(S03Cl}2 in the aolutlon of «»(CH3)2Tal2 in 
ehlereaulphuric acid at 
C^  C^  a Kj^ xlO^Molaa^ Kfli''^  
0 . 0 1 0 0 , 0 1 0 0 . 5 0 0 . 0 1 0 0 
0 . 0 1 5 0 . 0 1 5 0 . 5 0 0 . 0 2 2 5 
0.020 0.020 0 . 5 0 0.0400 
0 . 0 2 5 0.025 0 . 5 0 0 . 0 6 2 5 
0 . 0 3 0 0.030 0 . 5 0 0.0900 
0.035 0.035 0 . 5 0 0 . 1 2 2 5 
0.040 0.040 0 . 5 0 0 . 1 6 0 0 
Avara«» Valya af K^  • 7.25jclO*^«oiaa^Ka"'^. 
I I J t t t 
TAilrl n 
Specific eonduetancff of telutlont of oMliothyl toliuriim 
di*io<llclo In chlorofulphurie ««ld «t 
Exp«riaofit»l t 37*900 gm of chlorotulpHurlc acid i n i t i a l l y 











Exporim^nt-a t 39.514 QiR of ehiorosulphuric acid in i t i a l l y 
taken as solvent. 









t 1X9 I 
Caieylatleii for th« d*i«mifi«tloii of tho basic lonisation 
conttont (IC|^ ) of th« par t ia l l y ioniting aolvolyaad apoeiaa 
a*(C2l%)2To(S03Cl}2 in tht solution of ac(C2)%}2Tol2 in 
chloroaulphuric acid at 
Kj^ xlO^Moloa^ Kg""^  
0 , 0 0 2 0 0 . 0 0 3 3 0.8125 0.0045 
0 . 0 0 4 0 0 . 0 0 7 0 0.8750 0.0342 
0 , 0 0 6 2 0 . 1 1 0 0 0 . A I 4 5 0 . 0 4 5 6 
0 . 0 0 8 2 0 . 0 1 4 S 0.8285 0.0903 
O . O I O S 0.0180 0.8571 0.1943 
0.0127 0.0218 0.8529 0.2743 
0.0190 0.8500 0.3685 
0.0170 0*0290 0.8290 0.4876 
Avorago valuo of K^  » 
t 1 2 0 I 
T m i n U 
Sptcifie conduetanec of soiutions of dlphonyl tolluriini 
dleKlorido in chlorotulphurU «cid «t 
£xp«riaenV»l t 52.525 gm of ehlerotulphurie acid in i t i a l l y 












Expariaiant-2 t 48«145 gm of ehloroaulphuric acid in i t i a l l y 
takan aa aolvant. 
10^ M I 
0.000 


















I m I 
imhi - n 
CsXcuIat&ofit fdr th« dttcxminaUofi of the batie ionltation 
emittAfit of ttio part ia l ly ioniiin^ tolvolytod apaciaa 
in tha tolutioii of in ehlero-
•ylplMiric acid at 
K x^lO^Molaa^ Kflf"^  
0.0015 o.ooaa 0 . 0 3 3 0.0031 
0,0063 0 , 8 9 3 0.0326 
0 , 0 0 6 0 0,1000 0.833 0 , 0 4 9 8 
0 , 0 0 8 0 0,0135 0,844 0,0988 
0,0100 0,0170 0 , 8 9 0 0.1638 
0.0120 0.0210 0 . 8 7 9 0.3087 
0,0190 0,0250 0.833 0.3119 
0.0200 0.0320 0.800 0.4096 
Avaragt valita of K^  • 17,22xlO*^oloa^K9**^« 
t m I 
m e -
SpMifie eontfuctaiie* of solutions of phonyltolXyriua t r i* 
ehlorldt in ehloromilphuris acid at * 
ExptrinonW i 52.020 gm of chlorotulphuric acid in i t i a l l y 
takon as solvont. 
0.000 0.567 
0.966 1.880 
i . m 2.252 
1.343 2.363 
1.528 2.680 






Hiipori«ont^2 t 54.550 gm of chloroaulphurie acid in i t i a l l y 











I nt I 
Tm^ - M 
SpMifie coTKluctaiic* of tolutiont of p«>hydirexyphtnyl iollitt* 
riiMi trichiorid* in ehlosotulphurie acid at 25^ C* 
Eiip«rl«*nt^i t 50.010 gm of chXorotulphuric acid In i t ia l ly 













Expari««nt^ >2 i 48*250 gm of ehlorosulphuric acid in i t i a l l y 
tafcon at aolvont. 
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m i - aft 
Sptcific eondyetanct of tolutiena of pHiothoxyphonyl toXlu-
riiM triehlorido in ehJLorotulphurle odd at 
Exporiinont^X i 42«850 gm of chlorotulphurle acid In i t i a l l y 













Eitpari]ient»2 i 49.190 9A of chloroaulphuric acid in i t i a l l y 












t m t 
m f i - i t 
SpMifie «0iiduct«ne« of tolutioiis of p*«theicyph«iiyl t«i itt-
rluai trichXorid* in ehlorotulphurie aeid at 
Expwiflitnt^X t 46,100 gm of chlorotulphyrie acid i n i t i a l l y 












Exp9riiiiant'*2 t 50,400 qm of chlorosulphuric acid i n i t i a l l y 
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TAIifi - 87 
Av«r«g« vaiutt of y and calculated fron tha apacifle 
eonduetanea of tha conpounda in chloroaulphuric acid at 
Compounds Avaraga t K x^lO '^ Molaa Kg 
(CH3)2Tal2 1.00 7.250 
18,743 
( C ^ H 5 ) 2 T A C L 2 1 . 6 5 1 7 , 2 2 
C^H^TaClj 1.00 
p-HOC^ H^ TaClg 1,16 
P - C H ^ ^ H ^ T A C L G 1 . 0 0 
P - C J H J O C ^ H ^ T A C L G 1 . 3 5 
t 127 I 
mmn m ^immm 
It has i>««n found that th» tolut* dlaathyltalluriim 
dl*lodldi« raadiiy dlatolvat in chlerotulphurlc acid producing 
a brown colorod concbicting solution (Fig,«>9}« Tho obaorvod 
avoraga y-valua of 1*0 indicatot tha axlttonca of aufficiont 
concontration of the 30^01" ion* tho apaciaa rasponaibla for 
conducting almost a l l the current in chlorosulphuric acid 
solution. The conductance of the solution did not show any 
gradual variation and remained fa i r l y stable even on keeping 
for about twelve hours duration* Hecwitly from condueto-* 
metric and NMR spectroscopic'^^ studies on solutions of 
dialkyl tin dihalides in strong acidic «odla» i t has been 
confirmed that only the tin-halogen bend is labile and is 
theroforo eloavod forming a solvolysod species which 
ultlaatoly ioiiiios giving a dtoationic species [Rj^^^^ 
the solution. Xn the «aso of organosoloniiM halidos also 
the cleavage of selenium-halogen bond in H^S^O^ and HSO3F 
solutions yielding a cationic species has been reported^*^. 
I t ist therefort* roason^lo to suggest that in chloro sul-
phuric acid, the tellurium-halogen bond in a-dimethyl 
tellurium di-iodide is cleaved resulting in the formation of 
t 128 I 
• Mlvolytcd •ptel*t (CH3}2T«(S03Ci)2 in th« tolutlon Meertf* 
1119 to th« following roactien glvon by oquatlon (93) •»• 
(CH3)2Tol2 • aHSOgCl— (^3)210(30301)2 • 2HI (93) 
Tho obtorvod y-voluo (Tablo*27) of 1»0 for this tolutlon 
indicates that tho tolvolystd apocloa (CH3)2To(30301)2 la 
only part ia l ly lonitod in tho aolution forming a dieationic 
•pocioa (CH3)2TO '^*^ i . e . , 
(CH3)2To(S03C1)2 ^ iCH )^^ ^^^^ • 2S03Cr (94) 
Tht product HI ia a wall known baao^^*^ of chlorosulphuric 
acid producing iodino as i s ovidont froa tho brown coloration 
of tho aolution i .o.y 
2HI • 2H3O3CI I2 + 2HC1 • SOg • HjSO^  (95) 
Tho baaic ionixation constant K^  of (CH3)2To(30301)2 
haa alao boon ovaluatod using tho following oxprossion 1 
^ t(CH3)2To(S03Cl)23 
If « i t tho dogroo or oxtont of ionixation of tho aolvolyaod 
•pooioa (CH3)2To(S03Cl)2 thon 
[(CM3)2To(90^l)2) « (1-«)C^ 
I 1 2 9 t 
K C l 
o (CH3)2Tel2 
A (C2H5)2Tel2 
2 0 3 0 4 0 5 0 
U) xlO^ Mole Kg"^  Solution 
6 0 
Fig 9 
t 130 I 
fSOgCl*] • • 
C . ? 
wh*r« C^  i t the concMitration of a strong •loetrolyto KCl in 
ehlorotuiphurlc acid at th« tono apaeific conductanea of tha 
baaa having tha coneanlxation C .^ 
Tha auteprotoiyaii conatant K.^  of chioroaulphuric mp 
acid (K p^ 1 i ©•20*10'^oiaa^lCg*^)ia vary anall and 
OA wil l have a nagligibla contribution as conpaxad to C ,^ thus 
[SO3CI-3 • C, 
or • C^  
Cm 
- (97) 
aubtiltutinQ tha concantrationa of tha various apaciaa pra-
aant in aquation (96), tha f ina l axpraaaion ia 
( f t ) 
Tha obaarvad avara^ K^  valua for tha ranga of tha eonoant-
raUon ftudiad tiat baan fomid to ba 7.29xlO*^Molaa^K9"^« 
Tha aaluit «^ iat l iy l tal lvr im di-iodida hat alao 
baaa fotind ta bahcva in tha aaaa «amiar aa daacrlbad abava 
t in I 
t9t th* atthyl*hen«lo9iit in ehlorotylphurlc acid* Th* aod* 
9t its r««etiofi nay b« giv«fi •• foll«wlii9 t 
^ 23030^ (XOO) 
Th« obt#rv*ii av«r«9« T-value It 1*70 whieh i t auch 
highar at eonparcd to that obtarvad for oedlaiathyl taXlurliaa 
di>lodlda but la lowar then that thaoratlcally axpaetad i«a*» 
Y - 2.0. 
Tha baaic ionization conatant for thia aoluta 
haa baan avaXuatad uaing an axpraaaion a ini lar to that givan 
by aquation (98)• Tha avaraga nagnituda of K^  for 
Tha obaarvad nagnituda of K^ for ocdiathyi taXluriim 
di»iodida ia hi«har then that obaarvod for ita »athyX hono-
Xofifwat which My eonaiatantXy ba corraXatad to a 9raator 
dofroa of atoric hindvanea in tha foraar caaa« 
Tho m l v U diphaiiyX taXXurium dichXorida ia fairXy 
aoXubXa gi¥iii« • highXy oondMCting aoXutioii (Fig.^XO) in 
thXaroauXphurie acid* Tha obaarvad avarago Y*vaX«ia(TabXa->27) 
of (y • X*«9) indiaatoa that Xika tha diaXkyX toXXuriua di* 
iodidoa haro too» onXy tho toiXuriuM-haXogon bond ia eXoavod 
t 1 3 2 I 






2 0 3 0 4 0 5 0 6 0 
cJxIO'^Molc Kg' Solution 
Fig 10 
I 1 3 3 t 
producing • •eiifOiyt«d fp^cUt which 
9CCC • part ia l ionisation foraing the di catlcnie apccicc 
in tha toiuiioii* Tha node af raaction «ay thara* 
fora ba rapraaantad aa fallowing t 
{C^H5)2TaCl2 • 2HSO3CI ^^^^ ^^ ^^ ^ 
(C^»%)2Ta(S03Cl)2 • ^SOjCl" (102) 
Tha basic ionization constant K^^ of tha solvolysad 
species has baan evaluated uaing an expression sisiilar to 
that given by equation (98)• The average value cones out 
to be 17.22*10"'^ Moles^Kg'* .^ 
I t i s surprising that the solute phenyl telluriun 
trichloride produces solution having such lower condhictivity 
canparad with that recorded for diphenyl counterpart in 
chloroaulphuric acid« Tha obaarvad avaraga y-valua of 1*0 
suggests that unlike the diarganatalluriuai dihalidaa in this 
caaa only ona talltirit«Mialo«an band &a claavad foraing tha 
aalvolyaad product aa following t 
C^H^TaClj * HSOjCl C^H^ToCi^ CaOjCl) • HCl (103) 
Tha aolvolyaad product horo alao undorgooo part ia l ioniia* 
tion giving a nonopoaitiva oationic apotioa oa bolow 1 
t 134 I 
C^H^TtCljCSOgCl) C^HjTtClJ • SOgCl* (i04) 
I t m»y Bl99 l»« possible th«t sistllar to that 
cribed for dlerganotolluriun derivatives* dicationic species 
C^HjTeCl^ '*' i s formed in this case also as following: 
CgH^TeClj + HSO^ Cl — C^H,^ TeCl(S03Cl)2 4 2HC1 (105) 
C^H^TeCK50301)2 1 C^H^TeCl^ '*' + asOjCl"" (loe) 
24 
The formation of a dipositive C^ H T^eCl species* however* 
seens inconsistent as the stabilization of an extensive 
positive charge through a single benxene ring seems rath«»r 
unusual and therefore* the mode of ionization given by 
equation (106) may be ruled out. This arguunent has been 
further verified by undertaking the conductmnetric studies 
on a few substituted phenyl tellurium trichlorides e.g** 
p«>hydroxy* p-nethoxy and p«ethoxy phenyl tellurium trichlo-
ridos in chlorosulphuric acid. The results of the findings 
may be described as following 1 
Xt has b««n found that a l l these compounds are 
extensively soluble in chlorosulphuric acid producing fa i r l y 
conducting solutions (F ig .* l l ) . The observed averege magni* 
tudes of Y (Table«27} confirm that in a l l these cases only 
one tellurium*chlerine bend i s cleaved giving a mono«^ositive 
species in the solution. The mode of ionitation may be typi-
fied as following 1 





3 0 4 0 5 0 6 0 
U) X 10 Mole Kg Solution 
• -SflcrWeflTO 
Fig.II 
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ORC^H^TtClg • HSO3CI — ORC^H^TtCljtSOgCl) • mi <X07) 
ORC^ H^UCSOgCl) ^ • SOjCl* (108) 
R « H, CH3, CjHj. 
Th« sl ightly higher iiagiiltud«s of Y «nd 
r«sp«ctlvely for hydroxy and othoxy phonyl tollurlum 
trichlorides night be dus to the protonstlon on tho substl-
tuent functional group, owing to their basic nature. 
9ygfHfttfUiyl¥i PtflYi^lYffi^Yntntf^i t i^ ^ffNyftctfirliitlffl 
h^TeCsOgCl)^  [R 1 CHg, C^ H l^ 
I t has beMi sn^haslsed In the previous chapters that 
chlorosulphuric acid may be successfully used as a aedlua as 
well as an effective chlorosulphonatlng agent for the prepa* 
ration of a nunber of aetal chlorosulphates®*^^^^*^. The 
R2Te(903Cl)2 derivatives have be«i syntheslied ut l l l t lng the 
•etathotlcal reaction of corresponding Iodides with chloro* 
sulphuric acid l«o«, 
RjjTtXjj • 2HSO3CI ~ RjTeCSOjCDj • 2MI (109) 
R • CHjt 
Tho results of the oleaontal analyses are consls-
t « i t witti tho proposod solocttlar fomtilae of theso coapemidt 
I 137 t 
Analytical Data, Melting Points, Yield and Conductivity Values 





c Obs. 6.11 11.32 
Calcd. 6,18 11.52 
H Obs. 1.58 2.65 
Calcd. 1.54 2.39 
CI Obs. 17.52 17.17 
Calcd. 18.24 17.03 
s Obs. 15.96 15.16 
Calcd. 16.49 15,38 
Te Obs. 31.96 30.98 
Calcd. 32.83 30*62 
Yield yc 60 40 
• .p . (•€) 230 155 
Conduetanca 46.38 54.70 
t 138 I 
Tii« M i t t conduetaiic* values 
rtcordtd in ••thyl fyaiil4«» • high (ll«X»ctrle, Idnising 
•olv«iit» ar* law aneugh to indieata a covalant linkaga af 
tha chlaroaulphata groufi In H2Ta(S03Cl}2» Ibit finding haa 
alao baan auportad by tha XR ipaetral data diacuaaad balow* 
Tha peaitiant and th9 nynbar af fundaMantal fra* 
qwanciaa obaarvad in tha IH apaetra of thata coapoimda 
(Tabla<»29) pravida lapla avidanca that tha chloroaulphata 
group i t eavalantly bandad* Tha obaarvad bands (Tabla*»29) 
may ba attributad to tha eharactarittic chlaroaulphata group 
vibrations aa wall as thoaa ariaing from tha bondad alkyl 
groupa. It has baan raportad^ that the ayn. SO^  atr . 
vilnratien i s sansitiva to tha anviromant and i t a poaition 
i s eonsidarably ahiftad towarda highar fraqutncy in cavalant 
chlaroaulphata from that obaarvad in ionic CaSO^Cl* In tha 
praaant caaaa taot tha Vibration appaara ahiftad 
tawarda tha highar fraquaney aida to thia axtant and i t a 
paaition i t eauparabla ta that rapartad^^®^*^ far cavalant 
chlaraaulphataa* 
I t i t alaa apparant frasi Tabla that tha 
daganarata "^^(E) and v)^(E) vibratians af tha chlarasul* 
phata graiip ara aplit* Thia aplitting indicataa that tha 
ciaaraaiilphata graiip haa a raducad C^ ayMsatry in thaaa »ala* 
CHlaa. Tha aynatry lawaring ftm C ^ t •baawad' in tlia ft— 
SO3CI** ian C*a i t axiata in i«i i i« Caa03a} ta C, ayMatry 
t 139 I 
m i zf 
ZR Frf<|ti«nel*« (oi*^) AtteciaUd with Chlorosulphat« C e^up 
•• w«ll at with Alkyl Gnntpa* 
Aaaigmanta (CH3)2Ta(S03Cl)2 (C2H5)2Ta(S03Cl)2 
04(E) 310* 310* 





1140 a 1130 t 
1160 a 1160 s 
O i M 1070 m 1080 m 
05(6) 650 m 680 a 
660 m 
675 a 
- O ^ n y r n , atTt CHg- 2940 a 2945 a 
Oay«» atr. CHj- 2S90 a 2850 a 
Oaay*. a i r . -CH^- - 2900 a 
-^ym* at*. -CH^- - 2830 a 
Oaaya* 13t0 a 1390 a 
OayM* daf* Cifg*» 1240 la 1245 • 
O^CH^* Seiaaar • 1365 m 
atr . 940 • 550 • 
* 8 s p « t U d p t a l t i o n ' ' * * * ^ ^ * ^ M t i t r r i i i g b»y«ii<l t h a r a n ^ a o f 
th« inatMMfit tiaad* 
• m aatfiiMi • • aUMHi. 
I 1 4 0 t 
In th« pr«8«iit would ar i t* If th*r« •x i t t t • eova* 
l«iit aed* of linking of th« ehloresulphato group to tht 
iollurluoi oton* Tho v ^ ^ strotchlng vibration oxpoetod 
in tha 250*300 en**^  ration could net ba racordad a a i t waa 
bayond tha ranga of our inatrunant. Tha fraquanciaa 
eharactarlatic of tha alkyl aa wall aa tha Ta^ bond atratch* 
Ing vibratlona hava baan obaarvad aa axpactad* 
f N m ^ t ^ ^ m 
Tha ultra-violet apectra of thaaa eonpounda 
dlasolvad In nathyl cy«nid« axhibit two wall raaolved maxima 
» 
which nay raaaonably ba ataignad to tha axpactad n o— 
(Ta 5px '"> db^) tranaltiona aa ahown In Tabla-30« Tha 
poaltiona aa wall aa tha axtinctlon coafficianta of thaaa 
charaetarlatic abaorptlona hava baan found eooiparabla to 
thoaa raportad^®^'^^^*^®®'^^ for tha corraaponding R^ Ta aa 
wall aa tha 
Tha PftIR apaetra ahow a aingla band and two wall 
raaolvad aul t ip lata for tha aathyl and athyl darivativaa 
raapaetivaly* Tha obaarvad nagnituda of coupling conatant« 
ita* 8 spa ia charactariatic of tha coupling batwooii 
tha -CHg and -CHj* protona in tha athyl darivativaa. Tha 
poaltiona of tha •CH^ aa wall aa of tha -^CHj- protona 
(Tablo«^l) ara conaidmrably doahialdad in RjTaC 80301)2 aa 
I I4i t 
















340 266 cyclohaxant (163) 
330(4*36) 275(4.47) mathyl cyanlda (This work) 
335 270 cyclohaKana (141) 
340(4.34) 280(4.67) aathyl cyanida (This work) 
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PMR Ch«fiile«I Shifts In ppm from an Int«rnal Rirftrcnc* IMS 
at 23®C. 
Compound 6-CH3 ^CHj Jj^ j^^  Rof. 
ppm ppm cpt 
3.40 - • (141,163) 
(CH3)2Te(303Cl)2 3.90 - 8 -
4.12 2.35 6 
t 143 I 
eoiip«r»d to th«t for corr*tpondlii9 halogM 
dMivatlvot* This ol>s«rv«tiofi reasonably indieatoa that tho 
•lectron donaity of tha non*bondad alactrona ai^atod at 
tallurium la aufficiantly lowarad du« to i t s drainage towarda 
the SO^ Cl group. 
The results of the present phyaico*chemical atudiea 
on theae dialkyl telluriun dichloroaulphatoa confine that 
theae compounda are covalent in nature auch that the ehlero* 
aulphate group ia linked to the central tellurium atom through 
one of the oxygen atoms in a covalent manner. The atructura 
may be visualized as shown in Fig,-12. 
^YTtt^ ^gili .iN Mf Plfl^iliflitttiYl, Ml^irMt) 
M(II) Chlorosulphates, t(CH3)2'^ »32 MCIIXSO^CI)^  [H m Co, 
Ni, Cu and Zn] 
The coordination chemistry of Te(lV) aa a Lawia 
acid la iiuito woll known* Several adducta of ToX^ [X • CI, 
Br] with aulphidoa*^^^^'', totraaiathyl 
thiouroa^***^^''^ and 2«6-liitidlne N-onide^'^ have been 
179->182 
reported* Tho ligand proper tie a of organotolluridea 
[H - CH3, C2»%» C^H^J towarda tranaition notala giving atablo 
coordination eonpoiinda havo boon eonaidarably invoatigatod* 
Howovor, i t «aa raportod by Oanco and Jonoa^®^ that tho 
I 1 4 4 t 
Fig.l2 
t 1 4 5 I 
r««eti0n of ^ta«thyl t«lluriim <Si-lo<ltd» with HgBr^  in 
•thttfiol products • yollew eolorod product which was shown 
t« bo « wook aiolocular conpXox jfrotwoon tho products of an 
anion oxchange roaction* Mo2ToBr2*H9l2* f^ocontly Qysling 
I fiA 
and coworkers have roportod a now class of organottlluriun 
(IV) complsxes in which the tolluriun dichlorids moioty i s 
stabilized to aerial hydrolysis by bonding to an organic 
radical via a carbon atom and some incorporated group V«>A 
and V1»A donor sites* In the present project an attempt has 
been made to isolate the coordination complexes of 
a-(CH^)2Tel2 with transition metal bis(chlorosulphates)« 
A methyl cyanide solution of metal bis(chlorosul-
phates) was reacted with an excess of the liqand a->(CH3)2Tel2 
dissolved in the same solvent* A sharp change in the color 
of the ligand solution occurred which gradually intensified 
on magnetic stirring followed by heating* This reaction 
mixture yielded solid cos^ounds after keeping for about 3-4 
days* I t i s noteworthy that the f ina l ly isolated solid 
compounds do not shew the presence of iodine and tho rotults 
of the olamental analyses (Table»32} agree woll with tho 
stoichiomotry of those compounds ss |;(CH3)2To32M(S03Cl}2« 
The UV visible spectra of the f i l t r a t e s obtained after isola-
ting the solid compounds exhibit a strong band at about 
490 cm*^  similar to that observed for tho solution of pure 
t 180 I 
in ••thyi ey»fii<l«* This lndi««t*« that dKirlng th« 
e««f»X«x«tiofi proc««t th« T«<-t bond In 9->(CH3)2T«X2 i t 
el«av«d and the f f iedin« goa« to th» f i l trato* Tha nod* 
of the coMplaxation raaction may« theraforo, ba glvan aa 
following t 
AHJTALG • M T S O G C D J — ( R 2 T A ) 2 « ( S 0 3 C L ) 2 • 2 X 3 ( H O ) 
Thaaa coordination compoynda hava baan further 
characterizad on tha baais of thair i«r« apactral* magnetic 
suaceptibility and electronic apectroacopic atudiea. 
Theae conpounda ware inaoluble in uaual ^protic 
organic solventa and therefore their solar conductance and 
nolacular weights aeasuraaients could not be done. 
The i*r* spectra exhibit well reaolvad sharp bands 
which nay be attributed to thoae arising fron the character* 
i s t i c chlorosulphate vibrationa aa well as the organotallti* 
Yiwi part of ^ e nolecule (Tabl**33}. Tho poaition of tho 
band and splitting of the doganorate node indicate 
the inv^lvsRant of tho ehlorosulphate group in a bidantato 
•anner* The notal»ligand (^M»To) stretching frequency could 
Mt be •bsarved as i t has been reported to appear balow 
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i m i * II 
iA«9iietic Susceptibility arul El«ctrofii€ Sp«ctral V8lu#« for th* 
Ceaplexet of o^dimethyX telliiriun di*leclld« with M«tal Bit 
(ehlorotulphatttt)* mCsO C^I)^  [M « Co, Hi and Cu]. 
Compounds 
Enargias 
^aff.B.M. of Band Assigraients 
Maxiaa 
i^nrh 















I i l l t 
Th* r« i i i l t t of til* nagnetle •ute«ptibil ity ••••urt* 
••ni t •• w«il at th« bands ebtarvad in th« •lactronie apaetra 
of thaaa eoapounda ara conaiatant with an ectahadral gao«atry 
for thaaa eo«pounda (Tabla«34)* On the baaia of tha praaant 
data tha atructura of these cofspounds may be visualized aa 
ahown in Fig*<->13« 
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